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PREFACE 

A GOOD '' take-off’’ is the sine qua non of a happy landing. In 
these days when long-distance flying frequently renders it necessary 
for very heavy loads of fuel to be carried, a good '' take off” can 
only be ensured by making provisions such that the engine or engines 
upon which the “ take off” depends are able to work under favourable 
conditions during the “ take off” period. 

One of the most important factors for ensuring these favourable 
conditions is the variable-pitch airscrew. The present volume has 
been devoted to the t3rpes of variable-pitch airscrews manufactured by 
the de Havilland Company. Other types, such as the Rotol, will, it is 
hoped, be dealt with in similar detail in a later volume of this series. 

As will be apparent from the serial title '' Aeroplane Maintenance 
and Operation,” the primary object of each volume in this series is to 
provide in a convenient form information calculated to be of immediate 
use to ground engineers and others who are responsible for the main- 
tenance and servicing of aeroplanes. 

As has already been indicated, the function of the controllable-pitch 
airscrew is to enable the engine to develop its maximum horse-power, 
both for ‘‘take off” and for flying at the rated altitude. It may, in 
fact, be said that the controllable-pitch airscrew performs the same 
function on an aeroplane as does the gearbox on a motor-car. Every 
reader will readily appreciate that a single-geared car would be either 
very difficult to start without stalling, or else it would be severely hmited 
in its top-speed performance. The same applies, though perhaps to a 
less degree, in the case of an aeroplane with a fixed-pitch airscrew. 

In the present treatise will be found a clear description of the under- 
lying principles upon which the controllable-pitch airscrew operates. 
An understanding of these underlymg principles is necessary in order that 
the overhauling and adjustment can be carried out with intelligence 
and efficiency. After this preliminary explanation, detailed instructions 
are given for the removing and dismantling of the de HaviUand con- 
trollable-pitch airscrew. These instructions have been illustrated by a 
unique series of action pictures, which have been specially staged to show 
the operations involved. 

Special attention has been devoted to the correct method of installing 
this type of airscrew, and also the testmg and adjustment to ensure 
maximum efficiency. 

One of the latest developments of the controllable-pitch airscrew 
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is the hydromatic airscrew, which has the special feature of a feathering 
position for the blades, so that when desired the airscrew blades can be 
brought into such a position that they are in line with the forward 
direction of the motion of the aeroplane. 

Being able to feather is particularly useful on multi-engined aero- 
planes, because in the event ;of serious mechanical trouble, such as a 
broken oil pipe, the act of fully feathering (after switching the ignition 
off) stops the engine, and as the blades are edge on to the wind, 'they cannot 
windmill,” and so cause further damage to the engine. 

The electrical control, which is used for this typ)e of airscrew, forms 
the subject of a separate chapter. Although the present work is not 
designed specifically for pilots, it was thought desirable to include at 
the end some notes dealing with the correct method of operating the 
controllable-pitch airscrew from the pilots’ point of view. 

E. W. K 
E. M. 
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THE DE HAVELLAND CONTROLLABLE- 
PITCH AIRSCREW 

WITH NOTES ON THE HAMILTON HYDEOMATIO AIRSCEEW 

T he controUable-pitch airscrew is a type in which the angular setting 
of the blades can be controlled while in flight. The blades are adjust- 
able in both high- and low-pitch positions, thus enabling the engine 
to develop its maximum horsepower both for take-ojff and for flying at 
rated altitude. In many respects the controUable-pitch airscrew serves 
the aeroplane in much the same w^ay as a gearbox serves a motor-car. 

In principle the design of all variable-pitch airscrews is similar. 
They all provide rigid blades which are rotated about their centre lines 
in order to change pitch. An outer member called the barrel envelops 
the blade roots and is designed to absorb the centrifugal pull of the blades 
when the airscrew is rotating. 

Change from High to Low Pitch 

The airscrew is mounted on the forward end of the airscrew-shaft and 
the change from high to low pitch is effected by the hydrauhc pressure 
from the engine oil system, and by counterweights which apply centri- 
fugal force to move the blades. 

In flight the natural tendency of the blades is to take up the high- 
pitch position under the centrifugal pull of the counterweights which is 
always in being when the airscrew is rotating ; and the low-pitch position 
is attained by admitting oil under pressure to a cyhnder which then 
moves along a fixed piston, and through the agency of a cam motion 
forces the blades to take up the low-pitch position against the pull of the' 
counterweights . 

When the pressure is released, the blades are returned to high-pitch 
position and the oil in the cylinder is returned to the crankcase under the 
pull of the counterweights. 

Operation and Control 

The two positions of the control cock or piston valve are oil gaUery 
to cyhnder and ‘‘ cylinder to sump,’’ and movement is effected from one 

D.l 1 
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position to the other 
from the pilot’s 
cockpit by means of 
an approved type 
of control. The con- 
ventional method 
of installing these 
controls is to fit 
them so that they 
‘^follow the 
throttle,” i.e. they 
are pushed forward 
for high pitch and 
drawn back for low 
pitch. 

The time re- 
quired to change 
pitch varies with 
each installation, 
and also in accord- 
ance with a number 
of factors relating 
to the conditions of 
flight obtaining, bnt 
in the most tardy 
cases it is never 
more than a few 
seconds. 

Performance 



• AND CLIMB 

AIRCRAFT WITH CONTROLLABLE AIRSCREW 



Fig, 2. — Rexl^tive eebeoemai^ce oe fixed-pitch and con- 
trollable-pitch AIRSCREWS 


The accompanying diagrams show the relative performance of fixed- 
pitch and controllable-pitch airscrews at ground level and altitude, 
and during take-off and climb. 


The Hydromatic Airscrew 

The most recent development of the controllable-pitch type of airscrew 
is the hydromatic airscrew, which has been introduced to meet with cer- 
tain requirements. 

The increasing practice of making power descents ffom high altitude, 
by which means some of the time and fuel expended in climbing to clear 
high obstacles or to take advantage of favourable winds may be recovered 
by a long medium power descent at high speed, usually requires a coarser 
pitch on the blades than is available in an airscrew of even 20° pitch range. 

Purthermore, increasing attention is being directed to the necessity 
for dealing with engine failure, which, though markedly on the 
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Fig. 3. — CONTBOT.TiATITi'Fi-PITCH AIESCKBW AM) CONSTANT- 
SPEED GOTEENOB ISSTAELATION IN PART SECTION 


decrease as a per- 
centage, has never- 
theless increased in 
importance due to 
the rapid multiph- 
cation of fast air- 
line traffic which 
must fly to a 
schedule and main- 
tain the highest 
possible record of 
safety. 

Safeguarding 
Engine after Failure 

The problem in 
this second case is 
chiefly one of 
safeguarding the 
engine after failure, 
since a controllable- 
pitch airscrew wind- 
miOi'ng freely in 
coarse pitch im- 
poses only about 
one-fifth of the 
drag of the same 
airscrew held 


stationary. 

Although it can never be safe or satisfactory to allow an engine which 
has failed in flight to continue rotating, hitherto the only alternative has 
been to brake the airscrew shaft and so force the engine to rest, thereby 
increasing the drag of the airscrew very considerably. 

Such a brake is easy to fit, but from the few instances in which the 


provision has been made, it is clear that the great majority of operators 
regard the increased drag as the greater evil. 

Some criticism has been levelled at the controUable-pitch airscrew, 
on the grounds that maintenance is somewhat difficult, especially where 
spinners are fitted ; that the internal mechanism is exposed to atmosphere 
and suffers from rain, salt spray, dust, and the infiltration generally of 
deleterious matter, and that with unlimited supphes of oil actually ■within 
the aimerew it remains necessary to effect lubrication by hand, at more or 
le® inregular intervals and often in circumstances of such difficulty that 
it is liable to be skimped or omitted altogether. 
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In point of fact, 
these difficulties are 
less a criticism of 
the airscrew than 
of the service by 
wliich it is main- 
tained, because the 
airscrew usually 
requires less exten- 
sive and no more 
frequent attention 
than the engine. 

A very large num- 
ber of airscrews 
have now demon- 
strated an ability 
to give thousands 
of hours of trouble- 
free service with a 
minimum of regular 
attention. 

A study of these 
requirements, how- 
ever, revealed that 
they could not be 
incorporated m the 
counterweight- 
type airscrew 

except by radical ^ — ^Hajultos hvdeomatic aibsceew ajtd goveenoe in 

modification, and eaet section 

Hamilton Standard 

therefore approached the problem by redesigning the airscrew around the 
proved and characteristic features of the two-pitch and constant-speed 
airscrews whilst retaining their functions and safety provisions. 

This airscrew, the Hamilton Hydromatic, has already been adopted 
by all the principal air lines in the United States of America, and the 
British version building under licence is now in production by the de 
Havilland Aircraft Co. Ltd. in England. 

Increased Range of Blade Angle 

In normal operation the airscrew functions as a constant-speed air- 
screw, but it possesses an increased range of blade angle to conform to the 
requirements of modem high-performance aeroplanes. 

Further, however, the angles of the blades can be increased to a 
position in which their chords are edge-on to the fine of flight, and whilst 
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Fig. 5. — Three-bladbd coNxaoiiABLB-PiToa: atrscbbw in 

HIGH- and IDW-PETCH POSITION 


in this position the 
blades act as 
paddles, producing 
no thrust and 
quickly bringing a 
defective engine to 
rest. 

This feathering 
function, as it is 
called, is accom- 
plished in a very 
few moments, and a 
defective engine can 
thus be shut down 
andstopped,usually 
before any serious 
damage is done. 
Moreover, in the 
feathered position 
the blades offer the 
least possible drag 
and permit the air- 
craft to proceed 
with the other 
engine or engines 
in operation with a 
minimum loss of 
performance. 

Improvement in 
Ceiling 

The improve- 
ment in ceiling 


of a twin-engined aircraft with one airscrew feathered as compared 
to the same airscrew stopped but not feathered is often as much 


as 2,000 ft. and is therefore a factor of considerable importance, 
whilst the control of the aircraft with a feathered airscrew is also 


better, because there is less disturbance of the airflow over the wing 
surfaces. 


Further advantages of the feathering airscrew, which will henceforward 
be available in aU large aircraft, are the opportunity of stopping the 
engi^ for the purpose of carrying out repairs or adjustments and the 
possibility of securing enhanced engine life and fuel economy by stopping 
one or more engines ^ter reaching operating altitude, which will doubtless 
be fully explored. 
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Construction of the Hydromatic Airscrew 

The construction of the hydromatic airscrew is similar to the counter- 
weight tjrpe in so far as a spider, barrel, barrel packing blocks, blades, 
blade bushings, and thrust races have been provided to perform the same 
functions as in the earlier design. 

It has, however, a separate pitch-change mechanism of new design, 
which has the further advantage of being interchangeable between 
airscrews as a separate assembly. This is known as the dome assembly, 
which also functions as a spinner. 

Having discussed briefly the principle of the controUable-pitch am- 
screw, w'e now deal with the complete overhaul of this component. A 
later article deals fuUy with the operation and installation. 


COMPLETE OVERHAUL OF THE DE HAVILLAND 
CONTROLLABLE-PITCH AIRSCREW 

When complete overhaul of the airscrew is due, the History Sheet of 
the airscrew must be produced and compared with the up-to-date list of 
modifications authorised in order to determine what work is required in 
addition to that necessary to make good wear and tear. 

TO REMOVE THE AIRSCREW FROM THE AIRSCREW 

SHAFT 

(1) Disengage spring draw-bolt nut lock wire and remove spring draw- 
bolt nut and joint washer. 

(2) Remove cylinder-head lock ring and remove the cylinder head, 
using the special spanner provided. 

(3) Unlock and remove the sixteen piston-head securing screws, 
together with piston head and spring draw-bolt packing washer. 

(4) Remove the spring draw bolt, spring draw-bolt bucket, and the 
two spiral springs as one unit. 

(5) Disengage the piston lock ring by removing the securing split 
pins. Unscrew the piston, using the special box spanner and tommy 
bar provided. This operation pull the airscrew off the rear cone, 
and as soon as it is felt to be loose, the weight should be taken by means 
of a rope sling already reeved round two of the blades, when the airscrew 
may be pulled clear and lowered. The third blade of a three-bladed 
airscrew is used as a lever to turn the airscrew into the horizontal position 
prior to lowering on to the stripping bench. 

TO DISMANTLE THE AIRSCREW 

(1) Lower the airscrew on a suitable sleeve and mandrel fixed per- 
pendicularly in the assembling base plate. 

Note . — ^The cylinder head, draw bolt, springs, etc., have already been 
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Fig . 6. — The Haaiiltox HVOsoiiATic atrsceew 

Before dismantling, the airscrew is hoisted up and the oil 
drained out as shown. This makes for cleaner working. We 
are indebted to British Airways Ltd. for facilities for staging 
this and many of the action photographs accompanying this 
section. 


removed in dis- 
mantling the air- 
screw from the an- 
sorew shaft. 

(2) Extract spht 
pins and locking 
pins and unscrew^ 
counterweight caps. 
Check and record 
the blade settings 
indicated on the 
lead fillings in the 
counterweight, and 
by the scale reading 
of the adjusting 
nuts, and remove 
adjusting screw as- 
semhhes. 

(3) Remove the 
screws holding 
counterweights to 
brackets, and tap 
the counterweights 
off the faces of the 
brackets. 

(4) Remove 
counterweight bear- 
ing-shaft cotter pins 
from cyhnder. 

(5) Unscrew and 
remove counter- 
weight bearing 
shafts and counter- 


weight hearing-shaft races, spacers, and thrust washers. 

(6) Disengage spider snap ring by inserting two screwdrivers in grooves 
provided and compressing snap ring. 

(7) Lift cylinder, piston, snap riug, cone, and lock ring together. It 
is desirable and convenient at this stage to check the torque loading of 
the blades, as an iudication of the loa^g to he expected when the air- 
screw is again assembled. The method of carrying out this check is given 
in later instructions. 


(8) Remove barrel bolts. 

(9) Wrap blade shanks and insert strips of cardboard between the 
outer hearing races and the blade shank to prevent chafing by the thrust 
bearings during and after removal of the barrel. 
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(10) Separate 
the halves of the 
barrel by using a 
lever in the slots 
provided on the 
joint face on the 
rear half, and then 
by lifting the top 
and lowering the 
bottom. 

(11) Ensure that 
blades, bearing 
races, and roller 
cages are marked 
in order that they 
may be reassembled 
in their correct re- 
lative positions. 

(12) Remove the 
blades from the 
spider. 

(13) Note the 

location of the index 
pins in the counter- 
weight brackets, 
and check with the 
figures stamped on Fig . 7. — Removing the baeeel and shdee seal 

the lead plug in the 

counterweight. Remove comiterweight brackets. 

(14) Remove shim packs and packing plates from spider. 

The dismantling, inspection, and assembly of aU present types of the 
de Havilland controUable-pitch airscrew are essentially the same, and 
aeroplane operating companies having facilities and undertaking their 
own servicing will require the following equipment ; 

A de Ha'^and-t 3 rpe splined sleeve to fit each type of airscrew hub 
with rear cone or splines, and threads for the piston. The arbor should 
have a hole through it accurately bored and ground for inserting the 
balancing mandrel. 

A suitable surface plate for checking blade angles, and a mandrel and 
base on which the splined sleeve may be mounted. 

This equipment, if not ordered from the manufacturers, must be 
carefully made and fi nish ed so that the blade angles may be cheeked 
accurately. 

To ensure satisfactory operation of the airscrew, it is most important 
that it be assembled with aU parts in their respective positions in order 
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Fig. 8. — CumNG lockino ■wires on slingee eing 

that the adjustments which have been made to procure the necessary fits 
and clearances shall not upset the balance of the airscrew or interfere with 
its operation when installed. For this reason, the blade apertures in the 
barrel, the arms of the spider, the blades, the counterweight brackets and 
caps, barrel bolts, counterweight bearing shafts, etc., are all identified 
with each other and matched up m their various positions by the following 
system of numbering : 

On a two-bladed airscrew when lying in a horizontal position the whole 
of the items on one side of the hub are marked “ No. 1 ” and those on the 
opposite side “ No. 2.” In the case of a three-bladed airscrew all items 
are marked “ Nos. 1, 2, 3 ” in rotation to show their relation to each 
blade. It is of primary importance that all these numbers should be 
matched up and assembled as indicated by these markings. 

Another point to observe carefully is the radial positioning of the 
thrust race relative to the blade root. An examination of the peripheries 
of the blade bc^ and the inner thrust race will show marks “ 0 .” When 
assembling the blades into the barrel, these marks must be kept exactly in 
line, and care should be taken to ensure that they remain in line when 
drawing toother the halves of the barrel. 

The verification of this system and these markings on the airscrew 
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during stripping may save a lot of time and trouble on reassembly, and 
should not therefore be neglected. 

INSPECTION OF PARTS AND RECONDITIONING 

The inspection of the airscrew components should be carried out, 
first, to detail any damage which may have occurred, and secondly, to 
check the extent of wear and tear against the Schedule of Fits and 
Clearances which is given at the end of this section. 

(1) The Counterweight Bracket 

This should be very carefully tapped off the blade bushings, using a 
hide mallet or a soft metal punch — ^it must not be prised off against the 
chamfer on the blade end. Inspect the bracket very carefully for cracks, 
especially at the neck. 

Note . — ^The inspection for flaws and defects of all steel components 
will be facilitated very considerably by use of the Magna-flux process. 

(2) The Blade Bushing 

This should be checked for wear on the flange and in the bore. Any 
roughness on the flange should be smoothed down and the bore must be 
measured in both diameters and referred to the dimensions of the spider 
arm in order to check the clearance at these points. If the clearance is 
greater than the specified amount, the blade or blades in question must 
be withdrawn from service and fitted with new bushings. 

(3) The Blades 

All blades are inspected daily for cracks or nicks as described in the 
section on “ Maintenance.” When controllable-pitch airscrews are used 
over loose aerodrome surfaces or in water spray, the leading edges of the 
blades may become pitted and ragged. 

In time this may seriously affect the efficiency of the airscrew by 
destroying the true airfoil section, and if left too long, fatigue cracks may 
occur at these points and failure may result. 

If rucks and erosions are eliminated in the early stages, the blades will 
retain their efficiency, and the slight effect on balance will not be notice- 
able in operation. Sharp dents, nicks, and gashes should therefore be 
attended to at once, and may be removed locally without the necessity 
for reworking the entire blade surface. 

For removing a nick or dent, a curved riffler file or scraper is recom- 
mended, and fine emery cloth and crocus powder should be used for 
polishii^. When aU marks left by the file or emery cloth have been 
removed, the restored portion of the blade may with advantage be lightly 
burnished and smeared with lanoline. In smoothing out defects the main 
^sential is to convert sharp-cornered indentations into smooth, rounded 
depressions, and the amount of metal that it is permissible to remove in 
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Fig . 11. — Cheveoh- packings have to be behoved 


this way is shown in the table and Ulustration at the end of this section. 
Airscrew blades on which the defects are too numerous or are beyond 
the given limits must be withdrawn from service and returned to the 
manufacturers for repair. 

The foregoing relates to superficial damage which is clearly the result 
of erosion, impact, or damage accidentally sustained in handling the 
airscrew. Should, however, the damage take the form of a faintly defined 
irregular crack, it may imply a fissure in the material of some depth, and 
calls for further remedial action to that indicated above. 

Should such a case occur, the crack will be removed by scraping or 
filing in the usual way, and at intervals the depression should be polished 
up in order to disclose if the crack has been removed to its full depth. 
When this stage has been reached, it is recommended that the depression 
be etched locally to make quite sure that no trace of the fissure is left and 
remains imperceptible by reason of being burred over in the poHshmg 
process. 

The etching is carried out with a solution consisting of 5 parts of 10 
per cent, aqueous sulphuric-acid solution and 1 part concentrated 
hydrofluoric acid, which should be applied to the surface under test by 
constant swabbing, or if the position of the airscrew admits, by filling the 
depression with etching solution. 

The etching process should not be continued beyond one minute. 

The surface must then be washed with cold water and swabbed with 
a 50 per cent, aqueous nitric-acid solution until the surface is free from 
the deposit formed by the etchant. 

This treatment leaves a surface in which the smallest crack will show 
up well under a magnifying glass. 

After this treatment the blade should be thoroughly washed and the 
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depression again 
smoothed out before 
being polished 
finally and burn- 
ished. 

Tolerances of 
Similarity 

It will often 
occur that blades 
returned to the 
manufacturers for 
repair will require 
to be reshaped along 
the edges or at the 
tip, and where the 
damage is exten- 
sive, the blade wiU 
be restored to a new 
drawing number, 
and will then only 
be suitable as spare 
on a different t3rpe 
of airscre w — 
usually of less 
diameter. 

Where, however, the damage is only slight, the blades will be restored 
at, as nearly as possible, the original dimensions, in order that they may 
be held as spare and used in the type airscrew for which they were 
designed originally. 

Such blades be adjusted for balance as described later, but in 
order that they may be also in aerodynamic balance, it is necessary 
to limit the amounts by which they vary from the other blades in their 
similar dimensions. 

These tolerances are given at the end of this section. 

"Wherever possible, spare blades within these tolerances should be fitted, 
but if these are not available, then the larger blades in the airscrew must 
be refinished to the size of the smallest within the similarity tolerances. 

(4) The Spider 

The spider must be carefully examined for cracks, and all bearing 
surfaces must be checked for chafing or pick-up and for dimensions. Any 
material plucked from the blade bushing remaining on the spider arms 
should be removed by stoning, after which the bearing surfaces should be 
pepolished. 



Fig . 12. — Tavtistg out aiescseew snat king 
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Pick-up of a 
similar nature may 
occur in the front 
cone seating of 
spiders with paral- 
lel splines. This 
is usually an in- 
dication that the 
airscrew has not 
been sufficiently 
tight on the engine 
shaft, and it will 
generally take the 
form of small lumps 
or weals on the 
front cone or air- 
screw shaft, with 
corresponding de- 
pressions in the 
surfaces of the 
spider-cone seat- 
ings. Where less 
than 10 per cent, of 
the bearing area is 
affected, this con- 
dition can be 
remedied by smoothing the cone seatings, and stoning off the deposits 
on the male components, which should then be “ blued in.” In excess of 
this the spider should be returned to the manufacturers for rectification. 

Local Corrosion on the Spider 

Any local corrosion found upon the spider should be stoned out and 
smoothed over. 

In carrying out such rectification to the rear cone seat of parallel 
splined spiders, it may be necessary to resort to lapping in order to restore 
a 90 per cent, contact on the airscrew shaft. In such cases, since the cone 
seating is true to the side surfaces, but not necessarily true to the tops 
or bottoms of the spline, it is desirable that a lapping jig should be used to 
preserve this alignment. Such a tool can be provided for use with parallel 
splined spiders, or this rectification can be carried out at the manu- 
facturers’ works. 

After correction of the cones, they should be assembled in position on • 
the spider, and the whole unit, mounted on a splined sleeve and balancing 
mandrel, shoidd be checked for concentricity on the outside ground 
diameter on the spider. 



Fig , 13. — The aieschew eetaining hut is eemoved with 

FBONT CONE (SPLIT) 






15 . Baekel bolts are row removed (split pin) 

The above illustration also shows de-ioing bracket and nozzle assembly. 
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After Assembly^ Stamp Blade ust/ji 
^i'SienctJ and Etch Race a& shown. 


Occasionally it is found on 
taper spline shafts that a small 
wrinkle is thrown np on the air- 
screw shaft on the maximum 
diameter at which the spider 
makes contact. In all cases 
this must he stoned off in order 
that it shall not prevent the 
airscrew from going full-tight 
into position when re-mstaUed. 

The splines in the airscrew 
spider will not normally require 
attention, as it is more con- 
venient to remove any hard 
hearing spots by stoning the 
splines of the engine shaft. 

They should, none the less, be 
inspected for damage or chafing 
due to initial slackness, and any roughness should be removed by sKp-stone. 



Showing 

Coniaci 

Required 

It 


-Fitting 


THRUST-BACE 


(5) Blade-thrust Bearing 

The thrust rings and roUer-bearmg cage should be inspected for wear 
and cracks, and the inner ring shotdd be blued to the blade root to 
ensure that the fit specified is obtained. Hard bearing spots or areas 
must be relieved by careful hand scraping and the use of fee emery paper. 

In observing the markings given by the blueing operation, the fit must 
be good at point B, but clear of the shank at point A. Contact on surface 
B should be approximately two-thirds of the whole bearing surface, and 
the clearance at A should not exceed *003 in. Blade and bearing race are 
marked as shown in the illustration to ensure correct assembly. 

Service experience indicates that some wear of the rollers and thrust- 
race faces may be found after extended operation periods, the rollers 
becoming flatted or corroded and the races beconfeg indented at the 
positions the rollers take up in coarse pitch. This type of wear is not 
serious, and will not cause any difficulty until it becomes excessive, when 
sluggish pitch-change may result. The rollers should then be changed, 
and when necessary blades may be returned to the manufacturers to 
have the thrust races refaced. 


(6) Index Pins 

The four index pins which hold the counterweight bracket to the 
blade bushing must be a light tap fit. Oversize pins should be fitted as 
required to maintam this fit. 

(7) Counterweight Bearing 

The counterweight bearing must be inspected for chipping or corrosion 
of balls and brineUing of the tracks in the ball and cap races. Any con- 
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siderable amount 
of wear on either 
of these com- 
ponents which 
might interfere 
with the working 
of the airscrew 
should be a reason 
for replacement. 
The counter- 
weight spacer 
should not 
normally be sub- 
ject to any serious 
degree of wear, 
and will usually 
only be replaced 
when damaged by 
accident. 


(8) Counterweight 
Bearing Shaft 
It is conveni- 
ent to consider 
the counterweight 
bearing shaft in 
conjunction with 
the counterweight 
races for purposes 
of inspection, as 
the two are bound 
up together with 

the thrust race located m the cylinder flange m questions of adjustments 
and working clearance. 

The counterweight bearing shaft is screwed hard down upon a stop 
pin which is permanently located at the bottom of the hole in the cylinder 
flange, into which the bearing shaft is fitted. This bearing-shaft stop pin 
is faced down on new assembhes until, when the bearing shaft, which is 
produced within close limits on overall length, is screwed hard down upon 
it, the resulting clearance between the thrust washer and the back of the 
counterweight bracket will be of the order from -002 in. to ■003 in. 

In this assembly it will be observed the wear and tear is confined to 
two ballraces and an Oilite thrust washer, none of which is heavily loaded, 
and ah of which are completely interchangeable with spare parts. It 
should rarely be necessary, therefore, to change the bearing shaft in 


Fig. 17. — UsrsG special tool to split barbel, which eases 
the blade-packing nuts, enabling them to be ijnsceewed, 

AS SHOWN IN ITO. 18, 
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Fig. 18 . — Unscbbwing 

THE BI.ADE PACKING 

ITOTS 

order to adjiist 
clearances, and 
usually it will be 
conditioned from 
the dimensional 
point of view only. 

Renewing Counter- 
weight Bearing 
Shaft 

Where for any 
reason it is re- 
quired to renew a 
counterweight 
bearing shaft, the 
replacement 
should first be tried 
in position, and 
any adjustment re- 
quired to procure 
new clearances 
should be effected 
at the screwed end, 
which may be 
faced back as neces- 
sary. Facing back 
should, wherever 
possible, be done 
in a suitable grind- 
mg machine. 

The shafts are 
deposited with tm 
as an anti-corro- 
sive treatment, 
and should not 
therefore be 
scoured or polished 
with emery paper. 

Fig. 19 . — ^Methob op 

SPLITTING THE 
BLADE-PACKINO ITDT 





If <* 


Fig . 2L — Takxn-g out bahrel kaxe oil seaxs 

There are three of these. 
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(10) Piston Assembly and Piston Cup Leathers 

The piston should be inspected for condition of threads, and any 
chafing marks or scoring should be stoned over and made smooth. 

The piston head, springs, piston-head securing screws, draw bolt, 
and draw -bolt bucket should inspected for damage or defect — ^they 


( 9 ) Cylinder As- 
sembly 

Cylinder wear or 
roughness in the 
bore at points of 
contact with the 
piston cup leathers 
should be smoothed 
out with fine emery 
cloth and polished 
with crocus powder, 
using a circular 
motion so as not to 
destroy the shape 
of the cylinder 
bore. The slight 
variations in dia- 
meter or in contour 
resulting from this 
treatment will not 
affect the efiS.ciency 
of the oil seal, as 
the piston leathers 
are sufficiently flex- 
ible to follow small 
irregularities. 

The cylinder pig, 22. — ^Lowering THE EEAE HALE OE BAEEBL 

should also be in- 
spected for cracks, and the bore diameters of the bearing-shaft bushes 
should be gauged for wear. These latter are an interference fit in the 
cylinder flange, and where it is required to exchange them, it is 
necessary to use an extractor to remove them. After pressing in the 
replacement bushes they require to be reamed in position, in order to 
size them for the counterweight bearing shafts. Where this repair is 
required, it is recommended that the cylinder be returned to the makers 
for attention. 

Additionally the eyhnderisprovided with acast-iron liner m the bore ; and 
a micarta liner in the small-diameter bore, where it makes contact with the 
piston. Both of these are replaceable when worn beyond •marimuTu limits. 
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will not normally 
be subject to 
mncb wear. 
Magna-Flux will 
facilitate these 
inspections. 

Oup leathers 
must be of even 
texture and not 
too soft. 

If they are 
dragged in the 
securing screw 
holes, spht or cut 
at any point, 
they should be 
discarded. 

(11) Barrel and 
Barrel-support 
Blocks 

The barrel 
should be in- 
spected — prefer- 
ably by Magna-Elux — ^for cracks or defects and also for marking by the 
counterweight brackets in the front aperture. 

An y such marking should be blended out to afford increased clearance 
to the bracket. 

The barrel is a most important component, and it is recommended, 
in order that there shall be no precaution neglected, that it be Magna- 
Flux tested as often as opportunity permits, but not exceeding, in any 
case, an interval of 500 hours. 

The coating of cadmium with which the barrel is plated does not 
preclude this test, and it is not necessary, therefore, to deplate these 
components, unless by reason of corrosion or patchiness they require 
replating. 

The barrel-support blocks are dowelled to the spider by means of a 
dowel tube, which should be inspected for wear and looseness and dis- 
carded if these defects are apparent. 

Wear of the micarta material is expected to proceed uniformly and 
may eventually produce such looseness in the assembly that abrading of 
the contact faces may occur. 

As soon, therefore, as any looseness is apparent in the assembled 
condition, or any abrasion (as distinct from chafing, which should be 
smoothed down) is observed, the blocks should be exchanged. 




r." 

|m^| 
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fig , 25.— Tmi MIBDLE rikgs aee yee-skapbd anb ake stbbtchbd otee the blade as 

SHOWN 





Fig, 26. — Removing blades from spider — straight pull 

(12) Packing Plates and Shim Packs 

The packing plate is manufactured in “ OiHte ” bronze, a material 
which is self-lubricating, and which should not therefore be washed in 
petrol or parafSn, but merely wiped clean. 

No attempt must be made to reduce the thickness of these plates, but 
in the event of roughness appearing on the surface, it may be removed 
with a sharp flat scraper, ifeer inspection, packing plates (and “ Oilite ” 
thrust washers) should be soaked in hot engine oil for twenty-four hours, 
to renew the self-lubricating properties. 

The laminae of shim packs are liable to buckle or tear if separated from 
the main body, and any in which such separation has begun should be 
discarded. 

Similarly, it is not permissible to make up the required thickness of 
shim packs by assembling loose laminae. 

(13) Cylinder-head, Snap Ring, Front Cone, Joint Rings, etc. 

The cylinder head and draw-bolt nut should be inspected for damage, 
particularly to the hexagon, as occasionally attempts are made to unscrew 
these components without flrst removing the lock rings. 

Snap ring and front cone are liable to damage from distortion (snap 
ring), chaflng, scoring, and plucking. 

These items must be stoned over to remove any roughness or irre- 
gularity, after which the front cone should be “ blued ” into the spider 
to show a 90 per cent, seating. 
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Joint rings and 
washers are con- 
ditioned to the usual 
standards and re- 
placed as required. 


Fig. 27. — Showing suasT pickup prom blade bushing 

This has to be stoned. To ensure that each shim is re- 
assembled with its respective shim plate, both the shims and 
shim plates are numbered 1-2-3 for register in reassembly. 


REASSEMBLY 
OF AIRSCREW 
AFTER 
OVERHAUL 


After all recti- 
fication work has 
been carried out, 
the airscrew should 
be reassembled, 
following the 
sequence of opera- 
tions given below : 

(1) Clean spKned 
sleeve. 

(2) Place rear 
half of barrel over 
splined sleeve. 

(3) Place spider 
in position on the 
splines of the sleeve. 

In the case of parallel splined airscrews, the rear cone may be a detach- 
able engine fitting, and in such cases must he placed on the mandrel 
before the spider is mounted. 

(4) Mt greasing nipples into spider. 

(5) Eit barrel support blocks in numbered positions with nipple aper- 
tures towards the rear. Ensure that the numbers on the barrel apertures 
coincide with the numbers stamped on the spider arms. 

(6) Assemble laminated shims and packing plates on spider. 

(7) If new blade bushings have been fitted, care must be taken to see 
that they have been inserted in their correct position, as indicated by 
suitable markings made prior to the extraction of the worn bushings. 
The blade bushing screws must be locked by swaging the metal of the 
bushing into the screwdriver slot, using a spherical-ended punch. 

(8) Assemble counterweight brackets on blade bushhgs, making 
certain that the index pins are in the correct position for the required 
basic pitch setting, which is stamped on the lead plug provided for that 
purpose in the counterweight. 

(9) Eit oversize index pins as required. 

(10) Eit grease-retaining rings on spider arms. 



29. — ^Removing BAiptEL oh4fin‘g 
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Fig. BO.— Blade geajr segment, showing spuing paces 


(11) Assemble blades on spider arms. 

(12) Fit split-bearing cages to the thrust-bearing races on the blade 
shanks and hold in position "with spring clips to prevent cages dropping. 
Check position markings, taking care that the bearing cages, which carry 
two rows of rollers, are mounted the correct way round, i.e. with joint 
vertical and the positioning marks “ 0 ” on the inner thrust race and 
blade shoulder mating. 

(13) Before hfting the lower half of the barrel, insert slips of cardboard 
or other suitable material between the inner diameter of the thrust and the 
blade shanks to prevent the latter from being marked by the thrust races. 

(14) Lift the lower half of the barrel to its proper position and drive 
home with rubber mallets. Tap down split roller cages until they register 
in the bottom half of the barrel. The spring clips holding the thrust- 
bearing assembly may now be removed. 

(15) Mount the top half of the barrel in its correct position with all 
numbers matching up. Particular care must be taken, when mounting 
the top half of the barrel, not to damage the necks of the counterweight 
brackets. It will be found that as the top half of the barrel settles into 
place, the blades will have to be turned in order to prevent this occurring. 
Do not attempt to tmu the blades by hammering the counterweight 
brackets, as they and the blade bushings are not designed to support such 
treatment and may be damaged there%. 
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Fig. 31 (left). — Showing 

THE BLADE BUSHING 
AHD SHIM PLATE 
DEIVB PINS 

Bolt the two 
halves of the barrel 
together with 
appropriately num- 
bered bolts and 
nuts, and tighten up. 

(16) The torque 
loading of the 
blades should be 
checked at this 
stage by turning the 
blades within the 
hub. 

It is possible to 
move a 5,000-size 
blade by hand, if 
it is within the 


permissible torque 
loading, but it is to 
be preferred that 
this cheek may be 
made using a 
wooden lever, 
clamped to the 
blade at about the 
20-in. station, on 
which are hung 
weights, or a pull 
may be measured 
through a spring 
balance — sufScient 
to move the blade, 
which should turn 
smoothly. 

Fig. 32 (right). — Blade 

SPRING PACK BE- 

XAIHES 

Note clearance for 
gear springload. 
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Fig, 33. — ^Testing a constant-speed control unit 



Fig, 34. — ^Adjusting constant-speed unit on test 
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losf- -r- -| j I I I I [ I j r-yi I I The object in 

static] blade, TORg^ preloadins the 

assembly op 111 . ^ . 

PROpUCnON si EXPERIMENTAL DiaCieS 111 tillS 

airscrews manner is to reduce 

so : ®- the effect of the 

centrifugal pull of 

^ these components 

Seo: ffl - when the airscrew 

1 ^ i- is rotating. 

2 - In the larger 

«7o- -j| sizes this pull is as 

much as thirty tons 
per blade, and it 
has the effect of 
stretching the barrel 
to such an extent 
as would result in 
undesirable slack- 
ness of the blades 
under working con- 
ditions were they 
fitted to move freely 
in the first instance. 

On all new 
airscrews, there- 
fore, the shim packs 

behind the packiog 
1000 2000 3000 AOOO sooo 6000 pj^te are propor- 

AIRSCREW type f. J , f 

tioned to produce 
Fig. 35.— Torque loahhtcis the torque loadings 

specified in Eig. 35, 

hut it may be found that this initial loading has first reduced as 
the components settle down together, and then, after considerable running 
time, has increased to a much higher value. This tendency of the 
torque loading to increase occurs by reason that the bushing is shrunk 
into a tapered bore, and under alternating stresses and vibration it 
inclines to squeeze out as would an ice wedge from between the fingers. 
It is secured by two screws through the flange across the diameter, how- 


MAXIMUM PERMlTTfiO 


MINIMUM PERMITTBO. 


PACKING PLATES. 


MICARTA OS MAGNESIUK 


2000 3000 4000 5000 

AIRSCREW TYPg 


Fig. 35. — ^Torqxte loadings 



ever, and so cannot move bodily ; but at right angles to this line it is 
not constrained, and by distortion the bushing may move slightly with 
reference to the blade, so producing a slight buckle in the flange, which then 
stands away from the face of the blade at two points opposite each other. 

Hiis condition can he detected by trying to insert feelers behind the 
blade bushing flange, hut it will he apparent that the hush can only work 
back whilst the airscrew is rotating, and only so far as to take up 
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-Measueing the diameter of the spider arms 


the additional 
clearance given 
to the thrust 
assembly by the 
stretch in the 
barrel; hence the 
process is self- 
regulating and 
need occasion no 
concern. 

Providing the 
blades move 
smoothly, there- 
fore, and are with- 
in a few pounds 
feet of each other, 
no attempt should 
be made to reduce 

Fig. 37.— Checkeng in- 
side DIAjytEIBB OF 
BLADE BtrSHCNG 
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the torque loading 
on repair airscrews 
to the original 
value, unless a 
complete set of new 
blades has been 
fitted. 

Where, how- 
ever, the torque 
loading is below 
this minimum 
value, or differs 
widely from blade 
to blade, adjust- 
ment should be 
made by fitting 
shim packs of in- 
creased thickness in 
the first case and 
as may be required 
in the second. 

(17) Assemble 
the piston and the 
cylinder with the 
inner and outer cup 
leathers in position, 
but leaving off the 
piston head, spring- 
draw bolt, bucket. 


Ftff. 38. — Checking BAitREL iND spn) 3 SiB AiiGKMENT Springs, etc. This 

procedure is neces- 
sitated by reason that the balancing mandrel will not pass through the 
piston head, but as ah these components are concentric with the axis of 
rotation and the leathers will usually be stiff enough to centre the 
cylinder on the piston, balance is not affected by leaving out these com- 
ponents, nor when subsequently they are replaced. 

(18) Assemble the piston lock ring, spider snap ring, front cone, and 
packing washer on the piston, and screw the latter on to the splined 
sleeve, takmg care to get the cylinder bosses in the numbered positions 
corresponding with adjacent counterweight brackets. Tighten down 
firmly with the piston box spanner. 

(19) Assemble the counterweight thrust races and thrust washers in 
position, and turn the cylinder until these make close contact with the 
counterweight brackets. 

(20) Insert counterweight bearings in the coimterweight brackets. 
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Make sure that the 
round cap race is 
fitted in proper re- 
lation to the curved 
tracks in the bearing 
races. An arc is en- 
graved on the hack 
of the cap race in- 
dicating the curva- 
ture of the ball tracks 
on the underside to 
provide a visual 
check that the 
assembly is correctly 
made. 

(21) Screw the 
counterweight bear- 
ing shaft into the 
correspondingly 
numbered position in 
the cylinder flange 
and lock with secur- 


Fig. 39. — Testing distribvtoe valve 


mg pm. 

(22) Assemble 
counterweights on 
their respective 
counterweight brackets, and fit cheese-head screws and washers. 

(23) Insert the counterweight adjusting screws and nuts iato the slots 
in the counterweights, with the nuts set to the required pitch angles. 

(24) Check the blade angles at the 42-m. station. This check may be 
carried out, using a spirit-level protractor, but it is preferable that it 
should be made with the airscrew mounted on its splined sleeve and 
mandrel upon a true surface table, using a vernier protractor. 

In either case the cylinder is extended to the full length of its travel 
in both directions by means of the pitch adjusting tool, or a scrap cylinder 
head provided with a hand bar, and the blade angles are measured in each 
position. 

With the head of each counterweight bearing shaft touching in turn 
the stop nuts which limi t its travel, the difference between the angles 
of any two blades of the same airscrew should not exceed -2° in either 
high or low pitch position, and all blades should be within ± -20° of the 
specified angles in both positions. A tolerance of -3° difference between 
the angles indicated by the cormterweight scale readings and those deter- 
mined by the protractor is permitted ha new airscrews to cover the cumu- 
lation of manufacturing tolerances. It should, however, be borne in 
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Fig. 40.— DoirE assembly extended 


mind that these last markings are merely an index whose use, primarily, 
is to afford assistance in making the preliminary rough settings. They 

should not be 



41.— Dome assembly with positive high and low 
PITCH stops 


relied upon in any 
circumstances as 
indicating the 
actual' angle of 
the blades. 

(25) Screw on 
the counterweight 
caps, insert the 
locking pin, and 
secure with split 
pins. These caps 
are screwed on m 
the first instance 
with just sufficient 
force to take up 
slackness. 

Subsequently, 
care must be 
taken to see that 
they are not over- 
tightened on the 
counterweights. 
They should be 
screwed up slowly 
and carefully with 
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Fig. 42. — Checking the blade torque 


the locking pins held lightly in position, so that immediately the holes 
register the pins will drop into place. 

Tight caps may be eased by rubbing the joint faces on a sheet of 
emery paper laid flat upon a surface table, until they can be put up 
comfortably to within half a hole of alignment, in the securing pin holes, 
by hand. 

Caps which already are too slack may be treated in similar manner 
until the holes are two diameters out of alignment when screwed up with 
the counterweight cap spanner. In this position a new hole may be 
drilled in the counterweight cap to pair with that in the bracket. 

The airscrew is now ready for dry balance. The remainder of the 
assembly schedule follows at the end of the section on “ Balancing.” 

BALANCING THE AIRSCREW 

The balancing of any airscrew is of vital importance, and with con- 
trollable-pitch airscrews it must be carried out with the greatest possible 
attention to detail, because, unlike the fixed-pitch airscrew, many of the 
components are to some extent disposable around the axis of rotation, 
and may, therefore, affect balance. 

Every de Havilland controllable-pitch airscrew leaves the factory in 
balance, and each component part has been balanced to a master before 
being put into stock. 

These parts, therefore, are completely interchangeable as spares ; 
but it will be appreciated, for instance, that if the thickness of both 
the blade root and the blade bushing flange of a replacement blade are 
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on the low Imiit, it 
will be necessary to 
introduce a thicker 
shim pack to obtain 
satisfactory torque 
loading. 

The effect of this 
adjustment is to re- 
move the centre of 
gravity of the blade 
farther from the 
axis of rotation, 
and notwithstand- 
ing that the blade 
is the same weight 
F and balanced to the 
same counterpoise 
as the others, it will 
be “ heavy ” in the 
airscrew. 

If such a blade 
replaces one whose 
dimensions were on 
the high limit, the 
Fig. 43. — Checking the blade angles effect will be more 

marked, whilst 

equally it will be apparent that, if the components are not matched up 
in the same position as when the airscrew was budt, the balance is likely 
to be adversely affected. 

Notwithstanding the interchangeability of parts, therefore, the air- 
screw should always be balanced after overhaul, and even if no parts have 
been replaced, the operation is well worth while as a check on correct 
assembly. 

To balance the airscrew effectively, the following equipment is 
required ; 

(a) A rigid balancing stand, with short and very stiff adjustable knife 

Preferably the stand should be of welded construction and cross- 
braced, as the weight of the larger-sized airscrews at either end of the 
knife edges is liable to distort a non-rigid stand and so introduce error. 
Wooden erections, cantilever mandrels, or knife edges supported upon 
single uprights are generally quite unsuitable. 

Khife edges should be checked periodically by means of a spirit level. 

A convenient means of applying this check is to use a wide rectangular 
plate, provided with three buttons on the underside, two of which stand 
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on one knife edge 
and one on the 
other. The upper 
side of the plate is 
accurately faced, 
and the buttons are 
ground oflF to a 
uniform thickness 
measured from the 
upper surface of the 
plate. 

In use the plate 
is rested on the 
knife edges, which 
are carefully levelled 
up to both the 
longitudinal and 
transverse readings 
of the spirit level 
on the upper sur- 
face, when the plate 
is turned end for 
end and the check 
repeated. 

(6) A balancing 
sleeve, suitably 
splined and pro- 
vided with a rear 
cone for end 
location where — ^Baiancing hub and blade assembly 

necessary. 

(c) A balancing mandrel which fits closely and accurately into the bore 
of the sleeve. 

Before proceeding to mount the airscrew on the balancing stand, the 
splined sleeve and balancing mandrel should be checked on the balancing 
ways to ensure that the latter is not bent and that the two items them- 
selves are truly in balance. 

SEQUENCE OF OPERATIONS 

(1) Reassemble splined sleeve in the airscrew as instructed in pre- 
ceding paragraphs. 

(2) Lift airscrew from assembling base, withdraw assembling mandrel, 
and fit the longer balancing mandrel through the bore of the sleeve. 

(3) Using rope and tackle, mount the complete airscrew on the 
balancing ways. 
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(4) Check each 
blade in turn in the 
vertical and hori- 
zontal positions. If 
the airscrew is in 
balance, it will re- 
main at rest in any 
position. 

ADJUSTING 
BALANCE 

Where the air- 
screw is not in 
perfect balance, but 
only a slight dis- 
position to move is 
observed, a certain 
amount of com- 
pensation is pro- 
vided for in the 
six hollow bolts 
which hold the 
halves of the barrel 
together. 

If a blade falls 

Fig. 45.- -Fuxino babsel bolts with lead wool to obtain from the hori- 

BALANCE OF HUB AND BLADE ASSEMBLY ZOUtal pOsltlon, a 

correctmg moment 

may be appHed by ramming the bores of those bolts lying on the side 
remote from the heavy blade with the necessary amount of lead wool. 
In making this adjustment, the balance of the other blades must be 
considered, and in general the bolt farthest away from the vertical line 
passing through the axis of the airscrew should be selected, as less lead 
will be required in this position to produce the correcting moment, and the 
effect therefore on the balance of the other blades wih be less pronounced. 

In cheeking the vertical balance, loading the bores of these bolts is the 
only means of applying correction other than by the removal of material 
from the blade itself, and this means of correction should be regarded 
therefore as being available primarily for the requirements of vertical 
balance, which again is best effected by loading that bolt which is farthest 
removed to produce the necessary moment in the opposite direction to 
that in which the airscrew is disposed to turn. 

The lead wool is retained in position by concave sealing caps, which 
are inserted into a recess in the bolt head and tapped flat into place. 

Sometimes it will be found, after the replacement of a major com- 





Fig. 46. — Lead wool of requisite amount is then drilled out if necessary to 

PERFECT THE BALANCE OF ASSEMBLY 


ponent, such as a new 
blade, or the repair 
of damaged blades, 
that the compensa- 
tion provided in the 
hollow barrel bolts is 
not sufficient to secure 
satisfactory balance, 
and additional facil- 
ities are therefore 
provided in the in- 
terior of the blades 
themselves. 

Before dismant- 
ling such an airscrew, 
the lead in all the 
barrel bolts should be 
drilled out and the 
moment necessary to 
hold the lightest blade 
in the horizontal 



Fig. 47. — ^Measueement taeejt m DETEEMiNiNa 
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position should he 
ascertained hy 
hanging balancing 
washers at a given 
distance from the 
face of the barrel, 
according to the 
diagram and table 
given on page 41. 
The distances in 
this table represent 
the position of the 
washer farthest from 
the hub centre, that 
is, the washer which 
will seat next to the 
blade plug face. 
Thin string or wire 
may be used, en- 
circling the blade to 
secure the washers 
approximately in 
the position they 
will occupy inside 
the blade, and when 
so secured the effect 
in the vertical 
position can also 
be tried without 
difficulty. 

For errors in 
balance which do 
not exceed the 
amounts given in the table, washers up to twelve in number may be 
employed. When by this means a nearly true balance has been obtained, 
the blades on which the adjustment is to be made are observed and 
marked for identification with the number of washers required, so that 
no mistake can occur when the airscrew is dismantled. 

The airscrew is then dismounted and dismantled according to the 
schedule given in previous paragraphs, and the blades on which the ad- 
justment is required are removed from the spider. 

The Simmonds nut is then unscrewed from the blade plug and the 
washers placed in position, the whole being again clamped up by the 
Simmonds nut, which is fitted with a fibre insert and is self-locking. 
There is no occasion to withdraw the blade plug for these operations, 


Fig . 48. — Constant speed control unit 
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and indeed it is 
preferable that it 
should not be 
disturbed. 

The blades are 
then reassembled 
on the spider and 
the airscrew rebuilt 
and again put on 
the balancing ways 
to prove the correct- 
ness of the new 
adjustment. 

Where for any 
reason the error in 
balance in any one 
blade exceeds the 
tabulated values in 
the table, the 
following pro- 
cedure must be 
followed : 


SHANK 

SIZE 

BALANCING 
MOMENT 
02 . -ins. 

1000 

19 

2000 

23 

3)00 

25 i 

4000 

j 

5000 

34 1 

6X0 

1 


BLADE BALANCING 


Note: The balancing moments 
are the mines obtained 
with J2 washens. 

Size AGS. WO/H. 



Fig. 49. — Blade balan-cing 

1. — This balancing plug assembly is the same for 4000 and 
5000 type airscrews. 2. — It replaces the old system of fixed 
plugs and cork. 3. — For servicing and repairing blades. 
Variations in balance up to the amount shown may be obtained 
by adding up to 12 AGS. 160/H washers. 4. — Finer degrees of 
adjustment may be obtained by mixing AGS. 160/H and AGS. 
160/1 washers. 


The additional moment required to obtain balance must be determined 
as already described, except that lead wool must be attached to the 
blade at a point equal to the length of the blade plug and felt packing 
wad beyond the given distance from the centre of the hub, that is, in 
approximately the position it will occupy inside the blade. The airscrew 
is then dismantled and the blade plug extracted from the blade on which 
the adjustment is to be made. The lead wool actually used to obtain 
the balance externally is then inserted and a wooden drift with slightly 
convex end is used to pack it tightly in position. 


BALANCING TABLE 


Shank 

Size 

No. of 
Blades 

Dimension. 

Distance from centre of huh 
to outboard face of bdlancmg 
washers {L) 

In. 

1,000 

2 

7-0 

2,000 

2 

8-16 

3,000 

3 

8-87 

4,000 

2 

9-89 

4,000 

3 

10-23 

5,000 

3 

11-84 

6,000 

3 

14-50 
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Occasionally it 
may be found that 
already the blade 
has been weighted, 
and that there is 
not enough room 
to accommodate 
the amount of lead 
wool it is required 
to tamp into the 
bore, plus a mini- 
mum of one felt 
wad. In such 
circumstances it will 
probably be possible 
to effect balance by 
removing some por- 
tion of the lead 
wool from the other 
blades of the air- 
screw, so reducing 
their moment about 
the axis. 

Similarly, this method of obtaining balance by removing part of the 
disposable weight from blades, blade plugs, or barrel bolts k equally 
applicable when making the smaller adjustments, and since it tends to 
r^uce the total weight of the airscrew, should be practised whenever 
possible. The felt packing and blade plug are then replaced, and the air- 
screw is reassembled and put back on the balancing ways for final checking. 

Having obtained as near perfect balance as possible by the foregoing 
means, a tolerance of 3-in. ounces may be applied when, if it holds the 
airscrew stationary or starts it turning in the opposite direction to that 
in which it was at first disposed to move, the airscrew is in satisfactory 
balance. The tolerance is most easily applied by rolling up a pellet of 
lead wool of roughly three-quarters of an ounce in weight and resting it 
on the edge of the barrel aperture about 4 in. from the axis of the blade. 
Alternatively, a piece of plasticine weighing three-quarters of an ounce 
may be made to adhere m any position on the barrel 4 in. from the 
centre to produce a s imila r effect. 

AFTER BALANCING 

When satisfactoiy balance has been obtained, the airscrew assembly is 
completed as follows': 

(1) Remove airscrew from balancing stand and remount on the work- 
bench arbor. 



Fig . 50. — Piston and cam assembly— high pitch position. 
(Feathered) 



000 ox 


‘ j-i 


Fig, 52. — ^AmscEEW ok test machine 


THE HE HAVILLAND CONTROLLABLE-PITCH AIRSCREW 43 


Fig. 51. — Installing dome on hub and hydeomatic airsceew 
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Fig. 53. — A fubthee stage of testing aibsceew on machine 


(2) Dismantle the airscrew. 

(3) Stamp all replacement parts according to their positions in the 

airscrew after balance has been obtained. This stamping should be done 
lightly with a or, and preferably, where the material is 

suitable, the numbers should be etched. 

(4) Paint the w'hole of the metal components of the hub inside and 
out with lanoline emulsion. 

(5) Assemble the rear half barrel and spider on the assembly mandrel, 
taking care that the spider arms are in line with the barrel apertures 
similarly marked; 

(6) Remove greasing nipples from the spider. 

(7) Assemble shim packs and packing plates on the spider. 

(8) Place grease-retaining washers in position over spider arms. 

(9) Fill up the bores of the blades to within 2 in. of the top with 
Mobilgrease No. 2 or equivalent, and press the blades home into position 
against packing plate. 

(10) Replace greasing nipples and mount the barrel blocks in position 
on the spider. In the case of the third blade, it will be necessary to 
withd^w this blade from the spider arm about J in. to permit the 
msertion of the packing block between the flanges of the counterweight 
brackets. 

(11) Load the thrust-bearing roller cages with Mobilgrease No. 6 or 
its equivalent. 
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Fig, 54 .— Inspector checking test for full feathering 


(12) Clip together blade thrust rings and races, and lift the bottom 
half of barrel into position, tapping home with rubber mallets. 

From this point, assembly of the airscrew is completed in the same 
order as detailed under “ Assembly After Overhaul.” 

(13) Finally, the airscrew is topped up with grease, which is forced 
through the nipples until no more can be inserted, and the counterweights 
are smeared internally with a little Mobilgrease No. 6. 
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Fig, 56a. — De Haviudakd ha^dhoaiatic EUEE-FEATHEHiNa AmscRBW OE THE STATIC TEST BED. {By courtesy of the de HaviUand 

A-ircraft Go., Ltd,. 
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Fig. 56. — Complete componeot parts of hydeomatic airscrew except blades 


MAINTENANCE 

Daily 

(1) During running up of the engine prior to take-off on each flight 
check the pitch-change mechanism for proper operation (as described 
previously). 

(2) Inspect the airscrew blades for external damage, and also all 
visible parts of the hub (as described in “ Inspection of Parts ”). 

(3) Inspect the locking of all external screws and bolts. 

(4) Examme specially any spinner or de-icer mountings for security ; 
and also the means of attachment of the spinner shell, i.e. bolts, rivets, 
etc., where these are visible. 

Every Ten Hours of Flying 

(1) Lubricate the blade-bushing bearings by means of the grease 
gun and extension through the greasing nipples. Mobilgrease No. 2 or 
equivalent must be used. 

For cold-weather operation it is permissible to use a hghter lubricant, 
but before using any substitute, application should be made to the 
manufacturers. 

After Forty Hours of Flying 

(2) The counterweight bearings are greased, using Mobilgrease No. 6 
or equivalent, which is inserted through the slot at the back of the 
counterweight, in which works the counterw'eight bearing shaft. 

Grease may be inserted either with the fingers or with a spatula, but 
in the latter case care should be exercised that the end of the instrument is 
not allowed to bear upon the counterweight ball cage, which usually is 
found spamiing the slot about the midpoint of its length. 
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First 100 Hours 

Remove the airscrew from the aircraft and proceed with dismantling 
and inspection of parts. 

GENERAL 

Airscrews which have been involved in an accident, however slight, 
must always be submitted to inspection, and all steel components should 
preferably be examined on the Magna-Elux detector. If this method is 
not available,, the airscrew^ should be returned to the manufacturers. A 
very close inspection must be made of all parts to ensure that no cracks 
or deformations have taken place. Particular attention must be given to 
all places where a change of section occurs. Hubs which have been 
twisted or sprung in such a manner as to upset the blade adjustment or 
perfect location of parts are not to be repaired, and must be replaced. 

Caution . — ^No attempt must be made to straighten any distorted steel 
component. 

In most cases damaged blades can be repaired, but it is important to 
note that repair work of this nature should only be handled by the 
manufacturers or by an authorised service station, and then only within 
the specified limit. 

Care must be taken to record without delay aU mamtenance and over- 
haul particulars— including the whole of the identification marking of any 
replacement parts fitted — in the airscrew Log Book or History Sheet. 

SCHEDULE OF FITS, CLEARANCES, AND REPAIR TOLERANCES 
FOR DE HAVILLAND VARIABLE-PITCH AIRSCREWS 

Types 4/1, 5/1, 5/2, and 5/3 

(1) The data regarding fits and clearances are specified under four- 
headings, i.e. “ Dimensions, new,” “ Permissible worn dimension,” 
“ Clearance, new,” and “ Permissible worn clearance.” 

(2) All dimensions are given in inches and decimals of an inch, together 
with a fractional suffix. The &actional suffix represents that fraction 
of a thousandth of an inch by which the actual dimension exceeds the 
decimal figure quoted. Thus a dimension given as 0-531xTr hi. when 
written in full would be 0-5312 in. 

(3) The figures in the column “ Dimensions, new,” are the drawing 
sizes to which parts are made. These dimensions are given in limit form, 
and represent the minimum and maximum sizes to which parts may be 

accepted when new, as for example, fiiioted for bearing shaft 

bushing bore. 

(4) The difference between the minimum and maximum dimensions 
quoted in paragraph 3 is known as the manufacturing tolerance. This 
tolerance is necessary as an aid to manufacture, and its numerical value 
is an expression of the accuracy required by the design. 



THE DE HAVILLAND CONTEOLLABLE-PITGH AIRSCREW 49 


It may also be considered as a numerical expression of the desired 
quality of workmanship. For the bearing shaft example referred to in 
paragraph 3, the tolerance is 0-000| in. 

(5) The dimensions in the column “ Permissible worn dimension ” 
represent the limits of size to which parts may be worn and refitted for a 
further period of service. 

Note . — ^These dimensions have been so fixed that the components are 
fit for the fuU period of further service, which is normally permitted 
between complete overhauls. When, however, parts are found, during 
complete overhaul, to be worn beyond the limits laid down, they must 
be discarded as unserviceable. 

(6) In the column “ Clearance, new,” are given the minimum and 
maximum working clearances obtainable with new parts when assembled 
together ; these are functions of the minimum and maximum sizes of 
mating parts given in the “ Dimensions, new ” column. For example, 
if a new bearing shaft machined to the minimum diameter 0-530y% in. is 
assembled with a new bearing shaft bushing, having a bore machined to 
the maximum size, 0-531^^ hi., the resulting working clearance will 
be 0-001| in. L ; similarly, if a new bearing shaft machined to its maximum 
diameter 0-530yV in. is assembled with a new bearing shaft bushing 
machined to the mirdmum size, 0-531,^ in., the resulting working clear- 
ance win be 0-000| in. L. 

Note . — ^Under the columns “ Clearance, new ” and “ Permissible worn 
clearance ” the letters L and T represent Loose and Tight respectively. 

(7) The “ Permissible worn clearance ” is the limi t of working clear- 
ance permissible between any two parts assembled together. 

(8) If a male member, worn to the minimum diameter, is assembled 
with a corresponding new female part, machined to the minimum drawing 
dimension, the resulting working clearance between the two parts wOl, 
in most cases, correspond with the maximum permissible worn clearance. 
Similarly, if a female part, worn to the maximum permissible bore dia- 
meter, is assembled with a corresponding male part, machined to the 
maximum drawing dimension, the resultant clearance will be the same. 
For example : — 

Hew bearing shaft bush having bore to minimum drawing 
limit 

Bearing shaft worn to permissible diameter 

Resultant clearance 

Bearing shaft bush worn to maximum bore diameter, 

i.e. permissible size 0-533y\ in. 

Bearing shaft having a diameter to maximum drawing 

dimension O-SSOy^ in. 

0-002| in. L. 


0-531y% in. 
0-528yV in. 

0-0024- in. L, 


Resultant clearance 
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Remarks, 




Permissible 

worn 

clearance. 

in. 

0-013 L 

0-031 L 

0-010 L 

Clearance, 

new. 

in. 1 

0-005 L 
0-009 L 

O 

O 

O 

O 

"I 900-0 
000-0 

'I f 900-0 

0-002 T 
0-005 L 

Permissible 

worn 

dimension. 

in. 

4-258 

4-237 

CO r-H <35 

-rH 00 CO CD 

CO ID 

^ ^ lO 1C 

6-762 

6- 740 

7- 262 

7-240 

Dimensions, 

new. 

in. 

4-250 

4-252 

4-243 

4-245 

(5^ 05 t-IN OlrH U5 O 

,-1 i-l O i-l O O 05 O 

00 00 op 00 >9 hp 0? 

-il-i lolio wIms 

6-750 

6-755 

6-750 

6- 752 

7- 250 
7-255 

7-250 

7-252 

Parts and description. 

Shim plate bore 

Spider Spigot in Shim 
Plate Bore. 

Spider spigot diameter . 

Barrel bore 

meter 

Barbel Chaiteq Rnsro nr 
Barrel. 

Barrel bore 

Barrel chafing ring dia- 
meter 

Barrel bore . 

Shim plate and shim plate 
chafing ring diameter 

Shim Plate and Shim Plate 
Chaeing Ring in Barrel . 
Barrel bore 

Shim plate and shim plate 
chafing ring diameter 

V.P. 

airscrew 

type. 

4/1, 5/1, 
5/2 & 5/3 

4/1 

5/1, 5/2 
& 5/3 

1 

4/1 

5/1, 5/2 
& 5/3 

Ref. No. 
on 

diagram. 

05 
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THBUST BACE ASSEMBLY 


AIRSCREWS 


1 

1 



0*031 

No replacement 

necessary. 

Permissible 

worn 

clearance. 

in. 

0*001 L 

h|(N 

fM 

o 

O 

6 



Clearance, 

new. 

\ 

in. 

0-000 
0*002 T 

rHi« rt|W 

O r-H 

O O 

o o 

6 6 

000*0 

U*UUi5 

(clearance) 


Permissible 

worn 

dimension. 

f-4N ih|« 

. I> 05 

d 

•H CO CO 

6 6 

05 00 

05 (53 

WD lO 

6 6 



Dimensions, 

new. 

HlN H|e« 

»o ws 

(4 (M <M oa 

.p CO CO CD 

6 6 6 

h|n 

CO 

w 

CD 

6 

'“E-e 

rH rH O O 

<M 05 05 05 

lO ID l£5 10 

o 6 6 6 



Parts and description. 

Cylinder bore 

Bbabing Shaft Bushing in 
Cymndbr. 

Bearing shaft bushing 
diameter. 

Bearing shaft bushing 
bore. 

Bearing Shaft in Bush 

Bearing shaft diameter . 

0 s 

s 

p 

pq f 
( 

s 

-1 

c; 

4 

4 

H 

Zi 

D 

A ^ 

u 

R W 

m 

1 . 

a 0 o 

^ fi g 

Iz; 

pb B 

02 03 ^ 

* 6) . 

Is g 

K * Co ^ 

4/1, 6/1. 
6/2 & 6/3 

4/1 

6/1, 5/2 
& 5/3 

4/1, 6/1, 
5/2 & 5/3 

.^C0 

io' 

Ref. No. 
on 

diagram. 
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56 AIRSCREWS 

TOLERANCES OF SIMILARITY 



Type 4/1. 

Types 5/1, S/2, 5/3. 


Inboard of 
ZO’in. station. 

30 -w. station 
to tip incL 

Inboard of 
36^71. station. 

36-m. station 
to tip ind. 

Blade width . , . . 

in. 

± 0-070 

in. 

± 0-070 

in. 

± 0-080 

in. 

± 0-070 

Blade thickness 

i 0-040 

4- 0-040 

± 0-060 

± 0-040 

Edge alignment 

x 0-070 

± 0-070 

± 0-070 

± 0-070 

Face alignment 

i 0-070 

± 0-070 

± 0-070 

± 0-070 

Template fit ... 

i 0-040 

i 0-030 

± 0-050 

± 0-030 

Blade angle .... 

± 0-5° 

± 0-20° 

± 0-5= 

± 0-20° 

Longitudinal location of stations 

± 0-015 

± 0-015 

± 0-015 

± 0-015 

Blade length .... 

± 0-070 

± 0-070 


(9) On page 53 vill be found three diagrams which are intended 
to facilitate reference to the various points at which wear occurs. 
All points of wear in each assembly are shown in the appropriate 
diagram, and each bears a numerical reference. These reference numbers 
correspond with the reference, numbers quoted in column 1 of the appro- 
priate section of the schedule, against those components between which 
wear occurs or in which distortion is liable to take place. 

(10) Parts worn beyond the limits given in this schedule should be 
returned to the manufacturers, who will, as a rule, be able to restore them 
for further service by fittiug oversize or undersize complementary parts 
to provide the original working clearances. 

SCHEDULE OF REPAIR TOLERANCES OF BLADES FOR 
VARIABLE-PITCH AIRSCREWS 

Types 4/1, 5/1, 5/2 and 5/3 

1. Repcdr Tolerances 

All nicks, dents and scratches on blades must be erased with a smooth 
file and smoothed out with fine emery cloth — ^from being sharp cornered 
indentations they must be made into smooth rounded depressions. 

Caution . — ^Blade repair must not be undertaken where limitations or 
damage given in following table are exceeded : — 

Shank must be within drawing tolerances. 

Inner | of blade, X. must not exceed 0-025W. 

Inner | of blade, Y must not exceed •025T. 
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Outer of 

blade, X must 
not exceed 
•050W. 

Outer of 

blade, Y must 
not exceed 
•050T. 

Outer 12 in. 
of blade, Xmust 
not exceed 
•lOOW. 

Outer 12 in. 
of blade, Y must 
not exceed 
•lOOT. 

Outer 6 in. 
of blade may be repaired as required. 

Where these limits of damage are exceeded, it will normally be possible 
to restore the blade to a new drawing number, for which purpose it 
should be returned to the manufacturers. 

2. Tolerances of Similarity 

It will often occur that blades returned to the manufacturers for 
repair will require to be reshaped along the edges or at the tip, and 
where the damage is extensive the blade wiU be restored to a new 
drawing number and wOl then only be suitable as spare on a different 
type of airscrew— usually of less diameter. 

Where, however, the damage is only shght, the blades will be restored 
at, as nearly as possible, the original dimensions, in order that they may 
be held as spare and used in the type airscrew for which they were 
designed origmaUy. 

Such blades wiH be adjusted for balance as described in the section 
on balancing, but in order that they may be also in aerod 3 mamic balance 
it is necessary to hmit the amounts by which they vary from the other 
blades in their similar dimensions. 

These tolerances are given in tabulated form on the previous page, 
and wherever possible spare blades within these tolerances should be 
fitted, but should they not be available then the larger blades in the 
airscrew must be refinished to the size of the smallest within the similarity 
tolerance. 


-hnd- 


■%pdsr 
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Fig. 60.— Bepaie to blades 




Fig , 63 . — Cylinder base, blade bdsh, and spider bearing, etc. 
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CLEARANCE CHART (5000 20= AIRSCREWS) 
(Spring- and Pressure-operated Types. See Figs. 61, 62, and 63) 



Specified 

Pemissibk 

(1) Counterweight Bearing Shaft and Counter- 

In. 

In. 

weight Bearing Shaft Bush . 

(2) Cylinder Bearing Shaft Bush, fit in 

L -0005 

L -00015 

•0025 

Cyhnder 

(3) Counterweight Bearing Shaft, Thrust 

•000 

T-002 

L-OOl 

Washer and Counterweight Bracket 

(4) Stop nuts will wear seat on head of Coun- 

L -002 

L -003 

•006 

terweight Bearing Shaft 

(6) Counterweight xAdjusting Screw end clear- 

(Replacement not re- 
quired) 

ance 

(6) Piston and Alicarta bushing in Cylinder 

L-002 

L-OlO 

•020 

base 

L-008 

L-013 

•031 

(7) Blade Bush and Spider Bearing (small) . 

L -002 

L -0035 

006 

(8) Blade Bush and Spider Bearing (large) . 

(9) Laminated Shim Pack, originally fitted 
to produce 25-65 Ibs./ft. torque. Renew 
laminated shim pack when torque less than 

L -002 

L -0035 

•006 

25 Ibs./ft 

— 

— 

(10) Draw Bolt Head and Spring Bucket 

L -0015 

L -0055 

•015 

(11) Spring Bucket and Piston Bore 

L-OlO 

L-030 

•060 


Note. — Index pins may be obtained from -OOGo in. to -004 in. oversize 
in -OGOS-in. increments— pins to be tight fit— replace when necessary. 
All clearances taken at 70° F. 



THE DE HAVmLAND CONTROLLABLE 
PITCH AND HYDROMATIC AIRSCREWS 

OPERATION, CONTROL, AND INSTALLATION 

I N this type of airscrew rigid blades are employed which turn about 
their longitudinal axes in order to change pitch. 

An outer member — the barrel — envelops the blade roots, and is 
designed to absorb the centrifugal pull of the blades when the airscrew is 
rotating. 

In many designs this component is splined to the engine shaft and is 
also required to transmit the driving torque to the blades, but in the de 
Havilland airscrew this torque is taken by an internal member known as 
the spider, which is provided with arms on which the blades are free 
to ttim. 

The airscrew is mounted on the forward end of the airscrew shaft, and 
is operated by hydraulic pressure from the engine oil system, either 
directly or through a boost pump, and by counterweights which apply 
centrifugal force to move the blades in the opposite direction to that in 
which they move under pressure. 

Depending upon the range of blade movement, certain types employ 
spiral springs to assist the centrifugal action of the counterweight — such 
a t^e is described in this article — -whilst all types can be employed in 
conjunction with the governor -unit to give constant speed control in 
flight. 

By emplojdng engine oil pressure to change the pitch of the blades in 
one direction and the centrifugal effort of counterweights to reverse the 
motion, a simple and robust design of pitch-change mechanism has been 
devised which has few moving parts and is not liable, therefore, to 
derangement. 

The response of hydrauhc mechanism is much quicker than that of 
other types ; moreover, it is less liable to functional failure than airscrews 
which depend on extraneous sources of power or intricate mechanisms 
to effect pitch change, for it will be apparent that both oil pressure and 
centrifugal force are fundamental in origin, and must be available whilst 
the engine remains effective. 

OPERATION AND CONTROL 

On aH high-powered British aero engines, and on many types develop- 
ing only medium or low power, provision is now made for the supply of 

60 
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Fig. 1. — Crr-AWAY mechanism op the De Bavtllanp 1,000-size constant-speed ate- 

SCREW, SHOWING CYIENDEE, COUNTER-WEIGHTS, BLADE-ROOT DESIGN, BARREL, AND SPIDER 


oil under pressure tlirough the airscrew shaft, to furnish the power re- 
quired to operate the airscrew. 

This oil is admitted to, or released from, the airscrew through a two- 
position valve or cock, which is mounted in a convenient position on the 
crankcase, and which is operated by the pilot through the agency of a 
control lever or a “ push-pull ” loiob. 

In accordance with general usage, the control is moved back or 
“ outwards ” for the oil inlet position (fine pitch position of the blades for 
take-off and chmb), and forward or “ inwards ” for the oil drain position 
(coarse pitch position of the blades for cruising, etc.). 

Where the airscrew is fitted for constant speed operation, the “ two- 
position ” valve is moved by an external governor. 

When the cockpit control is pulled back, the operating valve is moved 
into a position where oil is admitted into the airscrew under pres- 
sure from the engine oil system. The oil flows through a collector ring 
into the shaft, and thence into the pitch operating cylinder. Here it is 
trapped by the cylinder head, and builds up pressure which forces the 
cylinder to slide forward on the fixed piston. This causes the bearing 
shafts, which are located in the large flange at the rear end of the cylinder, 
and whose outer ends hold the special ball bearings, to slide in the cam 
slots in the counterweight brackets. As these bearings, which consist 
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of a cap race and a 
ball cage, roll along 
the cam slot, they 
move the counter- 
weights inwards to- 
wards the airscrew 
shaft axis against 
centrifugal force. 

The counter- 
weight is located on 
the arm of the 
counterweight 
bracket, hence the 
whole counter- 
weight bracket 
rotates inwards, and 
since it is attached 
by four index pins 
to the blade bushing, 
the blade is turned 
into the low pitch 
position. Thus the 
oil pressure causes 
the airscrew blades 
to go into the low or 
fine pitch position by 
forcing the cylinder 

Fig. 2. — Perspective sketch in part section slide forward on 

the piston. 

When the cockpit control is pushed forward, the operating valve is 
moved into a position which allows the oil to drain back from the airscrew 
into the engine crankcase. As soon as the engine oil pressure is released, 
from the cylinder, a reversal of the sequence described above takes place 
and the centrifugal force of the counterweights causes the counterweight 
brackets to move outwards, away from the airscrew shaft axis. The 
resultant reaction on the ball bearings in the cam slots forces the cylinder 
to slide backwards along the piston towards the high-pitch position. 
This action impels the oil inside the cylinder to flow back into the airscrew 
shaft and thence through the collector ring into the crankcase. 

Thus, the release of the oil pressure in the cylinder allows centrifugal 
force to turn the blades into the high or coarse pitch position. 

Other Functions of Component Parts 

The piston acts as a retaining nut to hold the airscrew on the airscrew 
shaft, and oil leakage between it and the cylinder is prevented by a cup 
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leather, which is backed 
lip by a second cup 
leather whose prmcipal 
function is to guide the 
cylinder when moving 
along the piston. These 
leathers are secured by 
the piston head, which 
also forms the outer 
abutment for two 
spiral springs, and 
which in turn is held 
in position by a spigot 
and sixteen hexagonal- 
headed screws. The 
piston head, further- 
more, is drilled with a 
number of holes to 
permit the passage of 
oil into the cylinder, and 
is provided at its centre 
with a clearance hole 
through which passes 
the spring draw bolt. 

At the inner end of 



the piston, resting upon Fig . 3.— Vectok du.grajvi 

a flange machined 

internally, is the spring cup or bucket which is arranged with a central bore 
in which works the head of the draw bolt, and which allows the cylinder to 
move for approximately half its stroke before picking up the spring load. 
In action a constant oil pressure is applied to overcome the centrifugal 
effort of the counterweights, which is at a maximum in the coarse pitch 
position, and falls off progressively as the counterweights approach a 
plane passing through the axis of rotation. Eor half the stroke, therefore, 
the whole of this pressure is available to overcome the centrifugal force, 
and as this latter becomes less in magnitude, the spring draw bolt picks 
up and compresses the two spiral springs, thus storing up energy which is 
available in the reverse direction to assist the counterweight’s move from 
the fine pitch position. 

In the diagram (Fig. 3) the forces employed in moving the 
counterweight are shown graphically, and it will be seen that the centri- 
fugal force acting along a line through the axis of rotation and the centre 
of mass of the counterweight may be split up into two components, only 
one of which is available to move the counterweight, whilst the other is 
taken up as a direct pull on the counterweight bearing shaft. 
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There is, therefore, a limit to the size of the counterweight beyond 
which it is desirable to obtain further increases of useful force by means 
of springs, thereby avoiding increased weight and excessive centrifugal 
loadings on the brackets which might interfere with the smooth action of 
the pitch-changing mechanism. 

Furthermore, the effect of increasing the travel of the counterweight 
to permit of a 20° pitch range is to bring the centre of mass of the 
counterweight so much nearer the plane containing the axis of the 
airscrew that the centrifugal force available to move the counterweight 
diminishes, in the ratio AB to CD. Where, in certain circumstances, 
the aerodjmamic reaction on the blade is opposed to movement towards 
the coarse pitch position, this diminution of effort might retard 
the airscrew blades starting towards coarse pitch, and it is to this 
purpose that the stored-up energy in the springs is applied immediately 
the oil pressure is released. At half stroke the counterweights are 
sufficiently far removed from the plane passing through the axis of 
rotation to continue their travel towards the coarse pitch position without 
farther assistance. 

Airscrews of 20° pitch range and above are fitted with this 
spring and pressure mechanism, but for smaller-pitch ranges, and 
particularly in 16° airscrews, it will often occur that the counterweights 
alone will effect change of pitch positively and without hesitation, 
and in such cases the spiral springs will not be included in the 
airscrew, which then will be modified slightly as to piston arrange- 
ment. 

Whilst the thrust and torque reactions on the blade are taken up 
mainly by the blade bushing on the arm of the spider and by the blade 
thrust bearing, some part is taken up by the spider packing plate, which 
serves to back up the outer portions of the blade end. The spider packing 
plates are made to a standard thickness in “ oihte ” bronze, a material 
which is self-lubricating, and is used to reduce friction and the “ pick-up ” 
wear and tear which occurred in this position with the hardened type of 
steel shimplate. 

The adjustment required to obtain a pre-loading on the blade — ^torque 
loading — which is necessary to ensure that, whilst the blade is firmly held, 
it will be free to move to change pitch at speed, is obtained by fitting a 
shim of suitable thickness behind the packing plate where it seats on the 
spider. 

In this type of airscrew the flanges on the spider behind the packing 
plate are machined concentric with the spider arm to provide a seating 
for three packing blocks — one between each pair of spider arms — ^which 
support the barrel. 

Internal lubrication is provided by grease nipples between each pair of 
spider arms reached through coincident holes in the packing blocks and 
rear half of the barrel. 
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Fig. 4. — COUUTEEWEIGHT BRACKETS MOUNTED ON BLADE ENDS SHOWING BASE-SETTING 
ADJUSTMENT AND THRUST RACES 


Base Setting of Airscrew 

The base setting of the airscrew blades is obtained by the means 
provided for attacMng the counterweight brackets to the blade ends. 
The counterweight bracket fits around the outside of the blade bushing, 
and is held from end motion by the spider packing plate and the blade end. 
The inside circumference of the counterweight bracket has forty semi- 
circular slots, and the blade bushing thirty-sis similar slots, an arrange- 
ment which permits the insertion of four index pins, spaced 90° apart, 
where the two sets of semicircular slots on the counterweight bracket 
and on the blade bushing form four complete holes. This permits index- 
ing the counterweight bracket relative to the blade in steps of 1°. Three 
of these slots on the counterweight bracket, and three on the blade bush- 
ing, are marked with three consecutive numbers to indicate positioning, 
e.g. 34°, 35°, 36°. Alterations of basic pitch angle settings in any required 
direction are made with reference to these markings. 

Counterweight Adjusting Mechanism 

In the counterweight is fitted the pitch adjusting screw, which is 
accommodated in a slot machined in the counterweight, and is prevented 
from turning by a dowel or pin which passes through the adjusting screw 
and locates in recesses at the side of the slot. The adjusting screw carries 
a square nut at each end which fits the slot, and can therefore be adjusted 
by quarter turns, whilst the counterweight bearing shaft is provided with 
an extension on the head, which bears against the undersides of these nuts 
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Fig, 5. — Skeleton assembly or counterweight 


and so limits the cylinder 
travel in both coarse and 
fine pitch positions. 

Thus, the position of 
these nuts determines the 
angle through which the 
blades may turn in changing 
pitch, and adjustment is 
made by unscrewing the 
counterweight cap, re- 
moving the adjusting screw, 
and turning the nuts to 
the required angles in both 
coarse and fine pitch 
positions, against a scale 
stamped on the counter- 
weight. This provision, to- 
gether with the base setting 
arrangement of the air- 
screw, enables any desired 
coarse and fine pitch angle 
to be selected within the 


BRACKETS AND BLADE BUSHINGS TO SHOW BASIC 
AND COUNTERWEIGHT SETTINGS IN SITU 


range for which the air- 
screw is designed. 


To give rigidity to the adjusting screw, and to prevent it canting in 
the counterweight, additional stop nuts are assembled wherever they can 
be screwed on full thread without disturbing the settings of the two nuts 


controUing the pitch range. 


Blade Angle Adjustment 

Fig. 7 illustrates a case in which the base setting of the counter- 
weight bracket is 34° as indicated by the position of the index pins. 
The blade angle at the 42-in. station is ascertained by subtracting the 
degree graduation opposite the face of the adjusting nuts, as follows : 
coarse pitch = base setting 34° minus 1° = 33° ; fine pitch = base set- 
ting 34° minus 18° = 16°. The blade angle settings in degrees indicated 
by the position of the counterweight adjusting nuts, together with the 
base setting figure stamped on the lead plug inserted for the purpose in 
the counterweight, should be recorded in the Airscrew History Sheet or 
Log Book. 

Care should be taken, when adjusting the stop nuts, that they are set 
for equal values for each blade, otherwise there will be a difference of pitch 
angle between the blades and the cylinder will cock on the piston and be 
subject to uneven wear in the bore. To check the setting of these stops 
the cylinder is first raised and then lowered to the limit of its travel in 
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eacli direction. In 
these positions the 
stop nuts must he 
adjusted to make 
even contact vith 
the ends of aU the 
bearing shafts. It 
should be noted, 
however, that the 
cumulation of toler- 
ances may produce 
some discrepancy of 
angle in the counter- 
weight marking, 
and a final check of 
the actual blade 
angle should there- 
fore be carried out 
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6. — OPERATIOif OP CYLINDER AND COUNTERWEIGHT 
BRACKET TO EFFECT PITCH CHANGE 


stop nuts than to 
obtain equal read- 
ings in the counter- 
weights ; these last are merely an index. Grease pressure applied through 
the greasing nipples will facilitate the movement of the blades for these 
checks. 

In direct-drive engines a change of 1° in the pitch setting is approxi- 
mately equivalent to 70 r.p.m. on the ground, or to 100 r.p.m. in full- 
throttle level flight. For geared engines these differences in engine r.p.m. 
are usually greater in inverse proportion to the reduction gear ratio. 


INSTALLATION OF AIRSCREW 

The installation procedure is similar for all de Havilland Controllable 
Pitch Airscrew^s, except that in the 20° type it is necessary to release the 
spring draw bolt and remove both cylinder and piston heads to insert the 
spanner by w^hich the piston is screwed on to the airscrew shaft. 

Additional care is required, in the case of airscrews using the parallel 
spline, because the clearance is so very small that, unless the airscrew 
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is accurately lined up with 
the airscrew shaft, it will 
not engage, and damage 
to the splines may easily 
result ifforce is used. Once 
engaged, the parallel splined 
airscrew should push 
smoothly into place. 
Should, however, the air- 
screw bind on the splines, it 
must not be driven home, 
but should be removed, and 
the cause of the interference 
ascertained before it is again 
offered up to the airscrew 
shaft. 

Instructions for Installing 
Airscrew on Engine Air- 
screw shaft. 

(1) Remove dust plug 
from airscrew shaft and 
ensure that the shaft is 
clear inside. 

(2) For engines not 
emplojdng the taper spline, 
place the rear cone on the 

engine shaft and press it back against the thrust nut or spacer. 

(3) Remove the spring draw-bolt nut lock wire, spring draw-bolt nut 
and joint washer, the cylinder-head lock wire, and cylinder head in that 
order, using the special spanner provided to manipulate these compon- 
ents. Remove the sixteen head-securing screws, and lift off the piston 
head, together with the spring draw-bolt packing washer, taking care not 
to disturb the piston leathers. Withdraw the spring draw bolt, bucket, 
and the two spiral springs from the piston. 

(4) Coat the airscrew hub splines and the airscrew shaft splines and 
threads with Whitemore’s anti-seizing compound, graphite grease, or 
other preparation approved by the engine manufacturers, and smear the 
threads with a little clear grease. 

(5) Mount the airscrew on the engine shaft, taking care that the piston 
and the airscrew shaft threads are in perfect alignment. In no circum- 
stances should force be used to start this thread, for if there is binding or 
other indication that the thread is not properly started, serious damage 
may result. 

(6) Tighten the piston, using the spanner provided. On the 5,000- 


pitch SETTINGS (AS SHOWN/ 

, HIGH 33° 

AS LOW 16° 

COUNTERWEIGHT f=- 
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size airscrew, the torque required to tighten the piston nut is in the region 
of 850 lb. /ft., and it is desirable, especially when first fitting the airscrew 
to the engine shaft, to approximate this loading by adding tube extensions 
to the tommy-bar provided and hanging a dead weight or exerting a puU 
and push at the requisite radius from the centre of the shaft. Whilst 
under this loading, the tommy-bar should be given one or two smart 
blows with a lead hammer near the box spanner. 

Subsequently, after the first test flight, and at the first specified 
inspection period, the airscrew must he checked for tightness on the engine 
shaft by delivering a few smart blows near the box spanner w'hilst exerting 
a considerable puU on the end of the tommy-bar. Prior to making this 
check, care must be taken to remove the split pins securing the piston 
locking ring. 

It should be noted that it is an essential condition, in putting up the 
piston, that the bar be hammered whilst the specified turning moment is 
being exerted on the box spanner. In no circumstances should the 
tommy-bar be loosely assembled with the box spanner and then ham- 
mered at its extremity. 

The airscrew should not be nistalled or checked for tightness, on the 
engine shaft whilst the engine is still hot, and particular care should be 
taken, when installing the airscrew, to see that the front-cone packing 
washer does not bind and that it pulls properly into place. The chance 
that this w'asher will jamb in the threads will be reduced if the inside 
diameter is pared until it passes freely over the threads. It should not be 
refitted after it has become soft and pliable, has lost its shape, or no longer 
fills the space between the flange of the piston and the front cone. 

(7) Fit the lock ring to secure the piston, inserting in. steel split 
pins (two or three as required) through the lock ring and spider lip. 

(8) Reassemble the piston head, tighten down and lock the sixteen 
piston-head securing screws. Great care must be taken to tighten dowm 
the piston-head screws evenly in order to prevent leakage at, or damage to, 
the piston leathers. It is recommended that aU screws be first assembled 
and put dowm Mghtly, and thereafter that they be tightened down pro- 
gressively across diameters as near as possible 90° removed. To ensure 
that the piston head is square to the piston, four holes are drilled through 
the piston head to register with the spigot of the piston underneath, and a 
careful check of the depth of these holes will mdicate the amount and 
direction of any cant of the piston head. (Opportunity should be 
taken to check the piston-head securing screws for tightness at regular 
intervals.) 

(9) Replace the spring draw-bolt packing washer, then mount the 
cylinder head, spring tew-bolt nut joint washer, and the spring draw-bolt 
nut. Screw up the draw-bolt nut by hand as far as possible without forc- 
ing, and then draw forward the whole assembly until it can be seen behind 
the cylinder head whether the hexagonal location on the spring draw bolt 
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has entered the cylinder head. If necessary, rotate the cylinder head 
anti-clockwise until it drops over the location, when the draw-bolt nut 
will screw down several turns further. 

The cylinder head is then screwed into the cylinder, tightened down 
firmly upon the cylinder joint ring, and secured by means of the cylinder- 
head lock wire. 

Finally, the draw-bolt nut is screwed hard down upon its joint washer, 
and in turn, locked to the flange on the cylinder head. 

Constant-speed Unit 

All de Havflland airscrews are essentially constant-speed airscrews, 
and where they have been fitted for two-pitch operation they can be 
converted to constant-speed operation by making provision for mounting 
the constant-speed unit and adding the pilot’s control. 

In some few instances it may be desirable to provide a slightly 
increased pitch range in the airscrew to derive the Tnavimnm advantage 
from constant-speed operation, and where the range of speed is consider- 
ably increased it may be desirable to exchange the counterweight caps, 
but in many cases no alteration to the airscrew will be required. 

The control miit for constant-speed operation is simple and robust 
in design and consists of a small gear-type boost pump fed from the 
engine main oil supply, which delivers oil under pressure to the airscrew 
through the airscrew shaft. 

In the unit with the boost pump is a spring-loaded governor which is 
driven from the crankshaft through gearing and actuates a small piston 
valve — ^which controls the flow of ofl. to and from the airscrew cylinder — 
admitting oil when the speed falls and so reducing the pitch of the blades 
and vice versa. 

Mounting 

To provide some latitude in mounting the unit, the base can be 
produced in alternative designs to meet special requirements, but other- 
wise it is standard and interchangeable, and only one type and size is 
manufactured. 

As normally fitted, the unit is bolted and jointed to a mounting pad 
on the engine easing, in which are provided oil supply and drain passages, 
and also the means of drive. 

The governor spindle is required to turn in fixed ratio to the crankshaft, 
and is therefore driven through a splined coupling, which may be specially 
provided, or may already exist on the engine as an auxiliary drive and be 
adapted for the purpose of driving the constant-speed unit. 

These mounting arrangements permit the unit to be removed and 
exchanged easily when necessary. 

The governing mechanism is mounted upon an extension of the 
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Fig, 8. — Constant-speed governor in section 


thrust of the governor spring, whilst the outer race rotates with 
the governor weights and takes the lift or thrust which results from 
the tendency of the governor weights to move outwards under 
centrifugal force. 

It be noted that centrifugal force is always acting against the 
spring, and wiU, for any variation of speed, achieve a balance either by 
compressing or permitting elongation of the spring, thus moving the 
control valve in one direction or the other. 


The waisted section of the control valve is surrounded by oil at a 
pressure of about 200 lb. per square inch, and immediately reduction in 
speed occurs, the control valve falls, due to the action of the governor 
spring, a port in the spindle bore is uncovered, and oil is passed via an 
annular collecting chamber into the airscrew operating cylinder, thus 
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forcing the blades into fine pitch as far as may be required to restore the 
speed to the controlled value. 

Conversely, if the speed rises, the control valve is lifted and the oil 
drain opened, permitting the airscrew counterweights to move the blades 
towards coarse pitch until decreasing revolutions return the piston valve 
to the neutral position and prevent further escape of oil from the cylinder. 

To alter the speed, therefore, it is only necessary to adjust the load on 
the governor spring, so displacing the control valve, which will allow a 
flow of oil to or from the airscrew operating cylinder and permit the air- 
screw blades to move until the change in r.p.m. at the governor is sufficient 
to restore the control valve to the neutral position. 

In flight there is continual movement of the governor and control 
valve, since many factors tend to vary the speed of the airscrew, and 
satisfactory operation of the entire system can be obtained only when the 
sensitivity of the governing unit is at maximum. In this way only is it 
possible to correct for small changes in speed quickly enough to maintain 
the speed within close limits of the desired value. The sensitivity is 
dependent upon the proper selection of the restoring force, and also upon 
the magnitude of the force, due to friction and other mechanical causes, 
opposing the movement of the control valve and hence of the governor 
weights. 

Hunting 

In the fundamental design of governors, one of the most important 
considerations is so-called “ hunting,” and it is essential that hunting 
tendencies be eliminated from any design before even an approximation to 
satisfactory operation can be obtained. 

Hunting may be defined as a condition of operation characterised 
by a continuous uniform periodic variation in the speed of the governed 
unit above and below the speed which the governing unit is set to control. 

Characteristics of the Governor 

The characteristics of the governor which determine whether or not it 
will hunt are its stability, sensitivity, and response. 

Stability is that characteristic of any system of forces initially in 
equilibrium which will tend to maintain that state m such a manner that, 
when the equilibrium is disturbed, forces will be set up which wiU cause 
the system to return to its original condition of balance. 

The sensitivity of the system is measured by the magnitude of the 
force required to disturb the equilibrium of the system to such an extent 
that restoring forces are set up. 

The response of the system is measured by the time required for the 
system to return to the state of equilibrium after the restoring forces have 
been set up, which is determined by the magnitude of the restoring forces. 

When the governor assembly is rotating at any selected governing 
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speed, the control valve is held in equihbrium because the centrifugal 
force due to rotation of the governor weights is opposed by the force due 
to compression of the control spring. 

For stability the spring characteristics must be such that at any given 
speed the force exerted by the spring must be greater than the centrtfugal 
force exerted by the flweights when they are displaced outward from the 
axis of rotation, and the force exerted by the spring must be less than the 
centrifugal force exerted by the fljTv-eights when they are displaced 
inwards towards the axis of rotation. If this requirement does not exist, 
the unit will not return to the neutral position after a deviation from the 
set speed has caused a displacement of the flyweights. The difference 
between the force exerted by the spring and the centrifugal force of the 
flyweights is called the restoring force. 

The restoring force must be chosen so that, as the speed of the governor 
unit is returning to the set value after a disturbance, the force is great 
enough to overcome friction in the system and return the governor 
weights to the neutral position. 

The Restoring Force 

The restoring force at a given deflection must not be too great, how- 
ever, as the sensitivity of the system will then be affected adversely, be- 
cause the movement of the fl3nsreights for a given change in speed vdll be 
very small and the spring force required to balance the increased centri- 
fugal force ■will be obtained at a very small spring deflection. This implies 
a correspondingly small movement of the control valve and hence a 
sluggish flow of oil through the small port openings, with consequent poor 
response of the governed unit. 

Initial Experiments 

A considerable amount of experimental work was necessary to deter- 
mine the magnitude of the restoring force which would give completely 
satisfactory operation of the governor. These initial experiments were 
carried out ■with a cylindrical-helical spring, and it was found that 
satisfactory governing could only be obtained over a very small speed 
range, i.e. at speeds when the restoring forces ■were satisfactory. 

The variation in the magnitude of the restoring forces at different set 
governing speeds is due to the fact that the centrifugal force of the 
flyweights varies as the square of the r.p.m., and therefore the centrifugal- 
force curve plotted against r.p.m. has a constantly varying slope. 

This implies that the change in centrifugal force due to a given 
displacement of the flyweights from the neutral position has also a con- 
stantly varying value throughout the governing speed range. 

The force curve of a cylindrical-helical spring, on the other hand, 
plotted against deflection, has a constant slope. Consequently, the 
change in spring force due to a given displacennent of the flyweights from 
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the neutral position has a constant value throughout the governing speed 
range. 

Hence the restoring force, which is the difference between the change 
in centrifugal force and the change in spring force, has a constantly 
varjnng value throughout the governing speed range, when a cyhndrical- 
helical spring is used. 

Satisfactory operation can therefore only be obtained over a very sma.]] 
speed range with this type of spring. 

This difficulty is overcome by fitting a conical-helical spring, since this 
type can be designed so that the change in spring force due to a given dis- 
placement of the fl 3 rweights from the neutral position has a constantly 
varying value throughout the governing speed range, and the character- 
istics of the spring are chosen so that the restoring force is satisfactory 
over the entire governing speed range. 

Hunting tendencies are eliminated by a proper selection, based on 
extensive experimental work, of governor characteristics, i.e. stability, 
sensitivity and response, and by reducing the frictional drag and the inertia 
of the moving parts to a minimum. The inertia of the system is mini- 
mised by the compact design and light weight of the parts comprising the 
governing mechanism, whilst the frictional drag opposing the movement 
of the control valve is reduced to a minimum by combining the sliding 
movement of the valve with a rotary motion. This movement has been 
readily accomplished by locating the control valve within the drive shaft, 
so that the valve itself does not rotate. 

Since the valve is hydraulic, friction is reduced further, as the valve is 
always working in a bath of ofi. 

The Control Valve 

The control valve is designed so that it does not carry any load due to 
the pressure of the oil. The necessity for any force other tba.n that 
required for overcoming friction in moving the valve is thus eliminated. 
This end is accomplished by the “ Balanced-valve ” construction, where 
loads due to fluid pressure do not cause movement of the valve, w hils t it 
will be appreciated that this design of valve permits the use of smal] clear- 
ances to minimise leakage without excessive friction and without danger 
of seizing. 

In the absence of any provision for relative motion between the valve 
and its housing, especially when the working clearance is small, the valve 
tends to stick, and additional force is required to shear the oil film before 
the valve can move. This reduces the sensitivity of the governor. 

Immediately the oil film resistance has broken down, however, the 
aceimulated force produces a relatively large movement of the valve, 
causing it to overshoot the position corresponding to correct governor 
control. 

A similar lag in valve movement occurs when the valve is being 
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returned to the equili- 
brium position by the 
restoring force, and this 
causes the valve to 
overshoot the neutral 
position, resulting in 
surging or “ hunting ” 
of the governor. 

By introducing 
relative movement be- 
tween the valve and its 
housing, however, the 
oil film resistance is 
practically negligible 
and the slightest 
change in axial force 
acting on the valve pro- 
duces an immediate and 
proportional movement 
of the valve itself, so 
providing a control of 
great sensitivity which 
is, for ah practical pur- 
poses, dead-beat. 

The Flyweights 

The flyweights are 
enclosed in a cup so 
that any oil which 
escapes into the housing 
will not interfere with 
their operation. This 
construction ensures 
that any oil which is 
caught in the cup will 
rotate with the fly- 
weights, and thus the 
possibility of the friction 
on the flyweight bear- 
ings due to side loads 
imposed on the fly- 
weights by their being 
dragged through the ofl 
with consequent de- 
crease in sensitivity is 




Fig. 9 . — ^Diageammatic c.s. units — vndeespeed, 

SPEED, OVEESPEED 
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eliminated. This feature is particularly important when the governor unit 
is mounted on the engine at an angle or vertically downwards, in which 
position the flyweight assembly is naturally submerged in oil, and in fact 
it enables the governor unit to be fitted in any position without detriment 
to the governing action. 

Operation of the Governor Unit 

The operation of the unit will be clear from Fig. 9, showing the con- 
ditions of “ underspeed,” “ overspeed,” and “ onspeed,” where, in the 
first case, oil is being forced into the airscrew to reduce the pitch and 
increase the revolutions ; in the second case, it is being released from the 
cylinder to drain, enabling the airscrew counterweights to increase the 
pitch of the blades, so decreasing the r.p.m. ; whilst in the third case, 
the airscrew is on speed and the port is closed, and just sufficient oil 
is trapped in the airscrew operating cylinder to maintain the pitch setting 
necessary for the chosen r.p.m. 

In this last condition the counterweights are holding the blades hard 
up to the oil imprisoned in the cylinder, and no further movement can 
occur ; meanwhile, the whole volume of oil dehvered by the pump is 
circulating through the specially designed rehef valve. 

It will be apparent that httle oil is required by the unit in normal 
operation, as the movements of the cylinder, though continuous, are small 
in amphtude, and the oil required to make up leakage is also small. 

In order to secure a quick response to the governor control, however, 
the boost pump has been given a capacity of 2^ gallons per minute at a 
speed of 1,750 r.p.m., which is ample to operate airscrews much larger 
than any in production at the present time. 

Airscrew Adjustments and Flight Tests 

In general, it can be accepted that the performance of the aircraft 
determines the pitch range required in the airscrew, and whereas the 
10° airscrew is usually adequate for the commercial type of aircraft, it is 
necessary to provide a 20° pitch range for many types of high-performance, 
supercharged aeroplanes in order to secure, on the one hand, full take-off 
r.p.m. on the ground, and on the other, to prevent excessive r.p.m. when 
flying at high speed at high altitude. 

It is unnecessary and undesirable to employ a larger pitch range than 
is actually required, however, and in continuation of the policy to main- 
tain a range of airscrews from which every probable requirement can be 
met, de HaviUand have provided an intermediate basic type of 15° range. 

The size, type, and settings required for each installation are deter- 
mined within close limits on the data supplied by the aeroplane manu- 
facturers, and any necessary readjustments of the airscrews are made on 
the flight test data of each prototype aeroplane. 

It will not often be necessary, therefore, to alter settings in service, 
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but where, exceptionally, such alterations are required as the result of 
more extended flight trials, they can usually be effected in the counter- 
weight adjustment without disturbing the basic setting. 

If, however, it is necessary to re-index the airscrew, it should be borne 
in mind that the stop nuts in the counter\\^eights are set to limit the blade 
angles to safe or desirable angles in both flne and positive coarse pitch 
positions, and that alterations, particularly on the fine-pitch side, should 
only be undertaken with the utmost caution. 

Normally, the fine-pitch stop nuts are adjusted so that they will just 
permit maximum permissible revolutions at a specified boost whilst the 
aeroplane is stationary on the ground, whilst the coarse-pitch stop nuts 
are set to allow full cruising revolutions at critical altitude, which adjust- 
ment will usually allow the constant-speed control to function in certain 
conditions of power descent. 

Adjusting Screws and Stop Nuts 

There is a growing tendency, however, to specify alternative settings 
to meet special requirements of take-off, climb, etc. , in the engine, and also 
to provide a means of checking the sparking plugs by “ magneto drop ” 
under conditions of high r.p.m. and boost, and it is desirable therefore to 
consider further the function of the adjusting screw's and stop nuts in a 
constant-speed airscrew. 

In a steady take-off and climb to altitude, there is a progressive in- 
crease of blade angle, the movement accelerating fairly quickly until the 
aeroplane attains optimum climbing speed, and then more slowly as 
height is gained. 

The bearing shafts of the airscrew are just touching the fine-pitch stop 
nuts at maximum r.p.m. whilst the aeroplane is at rest, but immediately 
it begins to roll, the bearing shafts move away from the nuts as the blade 
angles begin to increase. 

In steady climb the stop nuts place no restraint on the movement of 
the blades until, at about critical altitude, the bearing shafts have moved 
to the coarse-pitch end of their travel, where they are arrested by the 
coarse-pitch stop nuts. 

In this simple case it wall be apparent that the stop nuts have per- 
formed no useful function, and that such an airscrew could be flowm up to 
a certain height without either adjusting screws or nuts in the counter- 
weights, as both airscrew and governor are set to give the same revolutions 
at take-off and at altitude. 

If, however, the fine-pitch stop nuts are set to restrict the movement 
of the blades towards fine-pitch, whilst the governor remains set at maxi- 
mum revolutions and the boost at take-off value, the governor will be pass- 
ing oil to the airscrew, which, notwdthstanding, will be unable to move and 
will therefore hold the r.p.m. at something less than maximum permissible. 

In this case the governor is set for maximum 'permissible static r.p.m., 
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but the airscrew is adjusted for something less than maximum permissible 
r.p.m., and as the aeroplane begins to roll, the r.p.m. will increase, until 
at the value for which the governor is set, the sustained pressure is shut 
off from the airscrew and the counterweight bearing shafts are at liberty 
to move away from the stop nuts, thus permitting the airscrew to com- 
mence constant speeding. 

This adjustment usually is made to permit the airscrew to turn at take- 
off r.p.m. with take-off boost at the moment of leaving the ground, but 
obviously it can be advanced or delayed, as may be necessary to comply 
with the requirements of the engine. 

With such an adjustment, the airscrew is virtually in fixed pitch on 
the ground, and ‘‘ magneto drop ” may be checked on the r.p.m. indicator 
vithout difficulty. 

Similarly, in cases where airscrew is giving maximum permissible 
r.p.m. at the chocks, it is only necessary to close the throttle until the 
airscrew drops about 50 r.p.m. m order to check magnetos and plugs. 

Where the coarse-pitch stop nuts have been set for best performance 
at altitude, and it is desired to descend regularly at medium or moderate 
power, some form of automatic mixture control or fuel/air ratio indicator 
will be of great convenience, but where these adjuncts are not provided, 
the coarse-pitch stops should be set to a lower pitch, so that at cruising 
critical altitude, constant-speed operation requires practically all of the 
high pitch for cruising power in level flight. 

This adjustment permit shifting the airscrew to positive coarse- 
pitch for manual adjustment of the mixture control. 

In many cases performance will not be impaired appreciably if an 
airscrew is used of slightly smaller pitch range than is required to permit 
full take-off r.p.m. static as well as constant r.p.m. in a power descent. 

In such cases satisfactory performance may be obtained by indexing 
the airscrew so that the low-pitch hmiting stop allows the engine to turn 
up to vithin 100 or 200 r.p.m. of the maximum permissible on the ground, 
whilst the coarse-pitch stop is set to a sufficiently high value to prevent 
engine overspeeding under conditions of reduced power descent. 

Where 10° or 14° airscrews are in question, the full range can usually 
be employed, but if the full range is not needed, the stops can be adjusted 
to limit either or both pitch angles as described for the 20° airscrew. 

In making any of the foregoing adjustments, it is much to be preferred 
that any unused portion of the pitch range should occur at the fine-pitch 
end of the brackets, and when the pitch settings have been finally decided, 
the airscrew should be re-indexed if necessary to bring the base setting to 
withiti 10° of the coarse-pitch setting. 

Installation and Adjustment of Constant-speed Controls 

The installation of the pilot’s control to the constant-speed unit is a 
most important matter affecting the successful working of the engine 
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and airscrew in combination, and every endeavour must be made to 
ensure that the critical adjustment of which the unit is capable is not 
destroyed by inefhciency of the means provided to operate it. 

This control is at least as important as the throttle control in all cases, 
but in multiple-engine installations it is necessary that the pilot be en- 
abled to sjmchxonise his engines quickly and conveniently, and this calls 
for the utmost precision of movement between the actuating lever and its 
follower. 

The planning of a satisfactory system of controls requires considerable 
care and skill, and experience to date has demonstrated unmistakably 
that, whilst certain systems have features which fit them for one type of 
installation, there are at present none which can be recommended as being 
equally suitable for all installations. 

It is most desirable, therefore, that the question of design and layout 
of the pilot’s control for constant speed airscrews should be taken in hand 
as early as possible, and resolved along lines in keeping with the following 
requirements : 

(1) Lost Motion 

There must be no lost motion arising from slackness of cables, differen- 
tial expansion, weaving or distortion of wings in flight, working clearances 
in the push-pull type of control, angular displacement of bell-crank levers, 
slackness of pm joints, stiffness of cable laid around pulleys or in fairleads, 
stretch of cables, lack of rigidity at anchorage points, etc., etc. 

Furthermore, all such controls should be laid in conduits or otherwise 
protected against accidental fouling. 
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Fig . 11 . — Adjustment of goyeknikg speed range and positive pitch positions at 

GOVERNOR ACTUATING SPINDLE 


(2) Creep 

The controls must be held against creep, but should be smooth and 
easy to handle and capable of minute adjustment. As an hides to the 
possibilities of this control, it requires in the average installation a move- 
ment on the control unit plunger of only -001 in. (one-thousandth inch) to 
vary the speed by 4 r.p.m. 

Within this specification, electrical, hydraulic, and mechanical con- 
trols have been devised and produced m such numbers and combinations 
that it is beyond the scope of this article to deal with them in detail. 

Principles of Adjustment 

The broad principles of adjustment, however, are independent of the 
detail arrangements of the control lay-out, and the simplest type has 
therefore been chosen to illustrate the procedure. 

The actuating spindle of the governor unit in the basic type is provided 
with 202° of angular movement, which includes positive coarse pitch, a 
governing range of 1,000 to 2,800 r.p.m. at the governor drive shaft and 
positive low pitch. 

In many engines the crankshaft speed falls within these Hmits at aU 
useful powers, and it is possible to run the governor at crankshaft speed, 
but when the range is keyed higher than this, it is necessary to gear the 
drive accordingly to provide a speed of about 2,520 r.p.m. at the governor 
spindle whilst the engine is turning at its maximum rated speed. 
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About 30' of this movement represents positive fine-pitch, which, as 
has been explained, is very rarely required, and never in its entirety, but 
even so, the range of movement for the full governing range and positive 
coarse-piteh is stiU 172° — a most inconvenient angle through which to 
operate the pilot’s control. 

The ■difficulty cannot be solved satisfactorily by “ gearing up ” the 
control, because the sensitivity is geared down in proportion, but as few 
installations require control over the full range of 1,800 r.p.m., opportunity 
is taken to reduce the range of the governor by fitting one of a series of 
adjusting sleeves. 

In the positive coarse-pitch position, if no sleeve is fitted, the rack 
wdU engage the nuts at the top of the piston valve and lift it positively 
to open the port and release the oil from the airscrew^ cylinder. 

The airscrew will therefore remain in positive coarse pitch until the 
rack has lowered the valve to the position where it exactly covers the port, 
but immediately it moves lower than this, oil will be admitted to the air- 
screw cylinder and the airscrew will commence to constant speed at about 
1,000 r.p.m. Continuing the movement of the rack, the governor spring 
will be compressed, but further movement of the valve will be arrested 
by the increase of speed and centrifugal force of the counterweights, 
and the valve will remain, reciprocating through a small travel, over the 
port. 

Further compression of the spring will be balanced by a corresponding 
increase of speed until, at the end of the range, the underside of the 
plunger makes contact with a shoulder on the valve, which is then posi- 
tively depressed to admit oil to the airscrew, which thereupon goes into 
the positive fine-pitch position. 

The governing range therefore occurs between the points where the 
valve first registers over the port, and where it is positively depressed by 
the plunger, and if these points are brought closer together, the governing 
range will be reduced. 

This adjustment is effected by fitting sleeves of varying lengths over 
the extension of the piston valve and adding packing sleeves of a larger 
diameter to make up a standard length, so putting the control spring 
imder an initial compression, and raising the r.p.m. at which speed control 
begins. 

The point at which the piston valve is depressed and positively fine 
pitch occurs does not change, and in effect the angular movement 
through positive coarse-pitch is increased by the same amount the control 
range is decreased, but as only a fraction of this positive coarse-pitch 
travel is required, the net result is a considerable reduction in the total 
angle of operation. 

In most installations, it is possible by this means to reduce the travel 
of the pilot’s control levers to a convenient amount without sacrificing 
any useful proportion of the constant-speed range. 
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Fig. 12.— CuEVEs or pellet position and govbenob speed, (sleeve sizes.) 


Selecting Size of Sleeve 

The size of sleeve is selected from the graph (Fig. 12) to suit the 
govemiag range required, which is usually that between maximum per- 
missible take-off and something less than cruising r.p.m., but as all 
governors control up to 2,800, it is only the lower limit of the range which 
is important. 

If, for instance, it is required to control from 1,600 r.p.m. upwards, 
sleeve Rl-2 is indicated, which is in full positive coarse-pitch at an angle 
of 48° from the basic reference line, commences to control at 58° and a 
speed of 1,200 r.p.m. and is in full control at 76° and 1,'600 r.p.m. 

Referring to the diagram on page 80, it will be apparent that, with 
this sleeve, the control spindle must be given an angular movement qf 
from C to F or 124°, to include positive coarse-pitch and the required 
coptrol range. 

In the most simple type of installation the constant-speed unit is 
operated by a flexible cable passing over pulleys of equal size — one on the 
operating spindle and the other fixed to the pilot’s control lever — on which 
it is secured to prevent creep — and the cockpit lever has therefore the 
same angular travel as its follower on the unit. 

In this t 3 q)e of control it is not desirable to make adjustments by 
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releasing the clamps on the pulleys, as the cable is usually kinked at these 
points, and if released and readjusted, the kinks will tend to straighten 
out in the course of time and result in the control falling out of 
adjustment. 

A better arrangement is to insert two tumbuckles in the control cable 
on which to make final adjustments and to take up any stretch which may 
occur in the cable. 

It is most convenient to start with the assumption that the engine will 
be required to give maximum permissible revolutions on the ground, 
static, and to make any special adjustments afterwards, for which reason 
the airscrew stop nuts wfil be adjusted to permit full take-off r.p.m. at 
“ take-off ” boost. 

Assembling Cables and Pulleys 

The cables and ptdleys of the pilot’s control are next loosely assembled 
and tried to find the relative positions of the puUeys and clamping bolts, 
and to ensure that the required angle of movement can be obtained, for 
which purpose two radial lines are marked on the side of the governor 
pulley to represent the lines A and C, which include an angle of 48“. 

As these marks are to be used to synchronise the pilot’s control lever 
and the governor, they should be set off by protractor, and a piece of wire, 
twisted around some convenient standing part, will serve as a pointer to 
mark the angular movement of the pulley. 

The control cable is then slacked off or disconnected, and the pulley 
turned as far as possible in the opposite direction to that in which the 
resistance of the governor loading spring is felt. The puUey is then in 
the basic positive coarse-pitch position, which is marked by fixing the 
pointer against the lower of the two lines. 

If, then, the pulley is turned until the other line is opposite the pointer, 
it will have moyed through an angle of 48°, and the governor wiU be in the 
full positive coarse-pitch position (as determined by the sleeve Pl-2). It 
may then be connected up to the cockpit lever, which must also be in the 
full positive coarse-pitch position. 

Should any difficulty occur in obtaining synchronisation, provision is 
made for easy adjustment by fitting the pulley on a hexagonal location on 
the governor control shaft, thereby providing for six alternative positions. 

The engine may then be started and run until it is warmed through, 
when with the constant-speed lever fully forward in the high-speed 
position, the throttle is opened imtil the engine is turning at maximum 
permissible revolutions. 

Leaving the throttle in this position, the constant-speed lever is drawn 
slowly back until the revolutions just begin to drop, which, if the airscrew 
is correctly adjusted, should occur at or about the specified take-off boost 
pressure. 

Immediately a perceptible drop in r.p.m. occurs, the throttle should be 
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closed without moving the constant-speed lever, and the engine switched 
off. 

The first tendency of the revolutions to drop marks the end of the 
governing range, and if this occurs immediately, the constant-speed lever 
is moved, and at specified boost, no further adjustment of controls, 
governor, or airscrew is needed, for both governor and airscrew are set 
and stopped for maximum permissible revolutions which cannot then be 
exceeded in normal flight. 

If, however, the constant-speed control lever moves some distance 
from the extreme high-speed position before any drop in r.p.m. occurs, 
it is an indication that the airscrew is m positive fine pitch, and that the 
revolutions are being held at maximum permissible by the angle of the 
blades. 

With such a setting and with the constant-speed lever right forward, 
revolutions would begin to increase above maximum as soon as the aero- 
plane began to move, and it is desirable that either the control be read- 
justed to give maximum revolutions with the control lever right forward, 
or that some form of stop be fitted to prevent the lever being moved past 
the point at which this speed occurs. 

A third case may arise in which, with both throttle and constant-speed 
control right forward, specified boost is obtained, but revolutions are 
below the desired value, and fall still farther immediately the throttle is 
moved backward. 

In this instance the airscrew is probably set for a lower speed than 
the governor, and the pitch must be decreased until maximum r.p.m. 
is obtained or until further reduction of pitch produces no corresponding 
increase of r.p.m. 

This last condition would be an indication that the governor was 
stopped at too low a speed and required control adjustment to increase 
speed. 

The means by which these and similar adjustments are made vary in 
the different types of actuating systems, and where they do not lend 
themselves conveniently to alterations of length or angular advance and 
retard in the connecting linkage, some form of fine adjustment is generally 
provided at the points of attachment to the pilot’s speed-control lever 
or to the governor. 

THE HYDRQMATIC AIRSCREW 

The construction of the hydromatic airscrew is s imil ar to the counter- 
weight type, in so far as a spider, barrel, barrel packing blocks, blades, 
blade bushings, and thrust races have been provided to perform the same 
functions as in the earher design. 

It has, however, a separate pitch-change mechanism of new design, 
which has the further advantage of being interchangeable between air- 
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Fig. 13. — COMPOXEKTS or the hydeomatic aikscrew which, it will be ^toticed, 
RETAUJ'S the blade SCREWING PRINCIPLES OF THE COUNTERWEIGHT TYPE DE HATILLAND 
AIRSCREW 

screws as a separate assembly. This is known as the dome assembly, 
which also, functions as a spinner. 

As in the counterweight airscrew, the spider and barrel are finished 
from high-tensile steel forgings, the spider taking only thrust and torque 
loads, whilst the centrifugal loads are taken by the barrel. The blades 
are similar as to mounting and material to the standard type, but are 
provided with a collar of moulded plastic material between the inner roller 
bearing race and the radius at the blade root. 

This plastic material furnishes a better seating for the race, protects 
the blade root from chafing, and gives a better stress distribution with a 
correspondingly increased resistance to fatigue. 

Furthermore, the introduction of the plastic collar permits the use of 
an effective gland or oil seal between the barrel and the blade. Such an 
arrangement could not be used in direct contact with the blade, because 
it might lead to grooving of the blade shank and stress concentration. 

By so closing the aperture around the blade shank it is now possible 
to maintain oil pressure on aU the moving parts within the hub, with the 
result that aU lubrication problems are eliminated and the wear and tear 
of components is reduced to minute proportions. 

The Dome Assembly 

The dome assembly comprises all the mechanism through which the 
pressures of oil on the piston are transformed into blade-twisting efforts. 
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It consists of 
four major parts — 
two co-axial cylin-^ 
drical cam members 
machiaed in bigh- 
tensile steel, a 
double -walled 
dome-shaped piston 
of aluminium alloy, 
and an external 
dome which is also 
of aluminium alloy, 
and functions as a 
cylinder whilst 
housing the whole 
assembly. 

The outer or 
stationary cam 
member is jfixed 
through a flange to 
the barrel and acts 
as a support for the 
other moving parts 
of the mechardsm, 
and is the anchorage 
. on which the thrust 
reaction of the cam 
rollers is taken. 

The four cam 
tracks of this 
member are similar 
in form to the four 
tracks machined in 

Pig_ 14 . — ^HYDBOMiTIC ATBSCEEW WITH DOME BEHOVED thc Umer Or mOVTUg 

cam member, ex- 
cept that the pitch slope is reversed, hence the rectflinear movement of a 
common roUer in these tracks occasions an equal but opposite movement 
of each cam member. Since, however, the outer cam member is fixed, a 
double rotary movement of the inner member relative to the hub is 
obtained. 

Both members are machined with Hghtening holes between the tracks 
to reduce weight, and the inner or moving member, with its integral 
bevel-drive gear, is supported at both ends by large-diameter ballraces 
spigot-mounted m the bore of thl fixed member. 

The piston, between whose outer and inner skirts four equally spaced 
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Fig. 15 . — Hydbomatic 

ATRSCBEW WITH HIJB 
AND BLADES DIS- 
:mantled 


cam rollers are 
carried, slides in the 
bore of the moving 
member and en- 
velops the outer or 
fixed member. 
When it recipro- 
cates, due to varia- 
tions of oil pressure 
in the cylinder, a 
rotary movement of 



\\.-x 

^41. p ' fFi 









the bevel drive gear is produced, 
which is proportional to the length 
of stroke and to the slope of the 
cam track. 

For the constant-speed range of 
movement the cam slots are straight 
and steep, and the piston travel 
compared to the angular rotational 
movement of the inner member is 
high, but when the blade pitch has 
reached the maximum, operating 
value, the cam rollers are about to 
enter the less steep part of the cam 
tracks, where the mechanical ad- 
vantage of the piston is much less. 
The normal operating oil pressures 
are therefore unable to twist the 
blades any further against the forces 
tending to return them to fine pitch. 


Fig. 16 . — Hydbomatic aibscbew. Doivie 

ASSEMBLY COMPONENTS 
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Fig , 17. — Sketch of forces tbndetg to turk blade towards fine fitch 


Thus a maximuia or safe blade pitch-limiting stop is provided for 
constant-speed operation, and an independent supply of high-pressure oil 
requires to be brought into use to force the blades beyond this pitch, so 
that the airscrew cannot be “ feathered ” except by deliberate action on 
the part of the pilot. 

Whereas in the counterweight type of airscrew the blades move into 
fine pitch under oil pressure and into coarse pitch automatically when the 
oil pressure is released, in the hydromatic type the operation is effected 
in both directions by oil pressure, although the natural tendency is always 
for the blades to move into fine pitch. 

This tendency, which was also present in the counterweight type, is 
illustrated in the sketch (Fig. 17), where it is assumed that two unit 
masses A and B in a rotating blade are exercising individual pulls along 
the lines OAX and OBY passing through the axis of rotation, and that 
these pulls are split up into components at right angles. 

The two larger components lying along the blade are taken as a pull 
at the blade root, and it will be clear that the sum of all such components 
at all points within the envelope of the blade is the total centrifugal puU 
felt at the roller races. 

The smaller transverse components appear to balance out by stressing 
the material of the blade, but on referring to a section of the blade at this 
point, it will be seen that they form a couple which acts to turn the blade 
on its axis towards fine pitch. 

This twisting movement actually attains a very considerable value in 
large airscrews, but in counterweight design it was always more than 
counterbalanced by the counterweights. 

In the hydromatic airscrew, however, it is not counterbalanced, and 
acts together with engine oil pressure on the forward side of the piston, 
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Fig , 18. — Diagrammatic abbangement op controls and independent oil supply^ 

POE PEATHEEING AND XJNPEATHEBING HYDROMATIC AIRSCREWS 

against the higher pressure supplied by the governor on the rear side of the 
piston. 

Besides permitting the use of a piston of sufficient size to envelop the 
cam members, this arrangement provides a dome and in most cases dis- 
penses with a spinner, whilst the engine oil pressure, which acts with the 
blade reaction, produces a more resilient and constant load, and assists m 
smoothing out the variations of centrifugal and aerodynamic torque 
around the blade axis. 

Feathering the Blades 

When it is desired to feather the blades, an auxiliary pressure supply 
system is put into operation. A typical example of such a system is 
shown in Eig. 19. The pump is mounted between the engine oil tank and 
the constant-speed governor and supplies oil under pressure through line 0 
to the cut-out valve built into the base of the governor. This auxiliary 
system allows the pump to draw its oil from the engine oil tank ; alterna- 
tive installations employ either a separate oil tank or use fluid from the 
hydraulic system of the aeroplane in place of engine oil and a special 
pump. 

The pump builds up pressure very rapidly in line, and this disconnects 
the governor from the airscrew and at the same time opens the pipe line 
to the airscrew by compressing the spring P in the cut-off valve. This 
feathering oil pressure is transmitted to the rotating airscrew shaft past 
the oil transfer rings C, through port E of the distributor valve assembly. 
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Fig. 19. — ^DlAGKASDiATIC AESAXGEMEOT — ^AIBSCEBW tnSTDEB CONSTANT SPEED COITTBOL 


out through port F to the inboard side of the piston H. The piston moves 
out under this pressure, and forces the engine oil on its outboard side in 
the dome G, through ports K and J, into the oil supply pipe D, and back 
into the engine lubricating system. As the piston moves out, the blades 
turn through an increasingly coarse angle until the motion is finally 
stopped by the rotatmg cam coming against an adjustable mechanical stop 
(not shown in the sketch) set for the fully feathered position of the 
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particular blade design in use. With all motion stopped and the feathering 
pump stiH functioniug, the feathering oil pressure builds up until it reaches 
400 lb. per square inch, at which point a pressure cut-out switch opens the 
electrical circuit operating the pump by de-energising the solenoid holding 
the cockpit solenoid switch closed. With the blades feathered, engine 
rotation is stopped, and consequently the blade centrifugal twisting 
moment and engine oil pressure have dropped to zero, and the blades 
remain stationary in the feathered position. The entire feathering 
operation is accomplished in an average time of 9 seconds. 

Unfeathering the Blades 

To unfeather the blades, the pump is again started and permitted to 
build up a pressure greater than 400 lb. per square inch by holding the 
cockpit solenoid switch closed. At approximately 500 to 600 lb. per 
square-inch pressure, the load at Q at the base of the distributor valve in 
the airscrew is sufficient to force the distributor valve out, compressing 
spring R, and the valve moves towards the position shown in Fig. 20, 
thus disconnecting the engine oil system from the dome. The oil from 
the pump enters the dome on the outboard side of the piston through 
ports E and K as the distributor valve moves out, and this oil pushes the 
piston inwards to unfeather the blades. The oU. on the inboard side of 
the piston is, of course, forced out through ports F and J into the engine. 

The unfeathered airscrew m a moving aeroplane starts to windmill, and 
when the engine reaches a reasonable r.p.m., the cockpit solenoid switch 
is released by the pilot. Thereafter the airscrew continues to windmill, 
and it is thus possible to put the engine in operation again by switching 
on the ignition. The moment the feathering pump stops, the spring in 
the cut-out valve in the governor disconnects the feathering pump line 
from the airscrew and places the governor back into the system, and the 
airscrew runs again at the speed for which the governor is set by the cock- 
pit control lever. 

Oil Supply 

The Hydromatic airscrew during normal constant speed operation 
requires two sources of oil supply, one from the constant speed 
governor and the other under normal pressure from the engine oil 
system. Referring to sketch (Fig. 19), oil from the constant-speed 
governor A is permitted to enter the hollow drive gear shaft B of the 
governor, and thence to the airscrew shaft, when the engine is turning 
faster than the speed for which the governor is set. Governor oil is thus 
metered at the top port of the drive gear shaft, and enters the rotating 
airscrew shaft by means of the oil transfer rings C. It then follows the 
path described above for the oil during the feathering operation, to the 
inboard side of the piston. 
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At the same time, oil from the engine lubricating system under normal 
engine oil pressure, entering the airscrew mechanism through the supply 
pipe D in the centre of the airscrew shaft, reaches the outboard side of the 
piston through ports J and K. 

The governor oil pressure builds up until it exerts a force greater than 
the sum of the forces which oppose motion of the piston outward into the 
front of the dome. These forces are : 

(1) Engine oil pressure multiplied by the effective piston area. 

(2) The net blade twisting force consisting of the blade centrifugal 
twisting moment modified by the aerodynamic twisting moment. 

(3) Friction of the moving parts of the airscrew mechanism. 

The net blade twisting force is transmitted from the blade gear seg- 
ment L to the rotating cam M, and through the cam rollers N acting in the 
slots of the rotating cam, to the piston. 

The blade centrifugal twisting moment is a moment acting on the air- 
screw blade around its longitudinal axis in the direction of a decrease of 
blade angle. The aerodynamic twisting moment is usually opposite in 
direction to the blade centrifugal twisting moment, and depends on the 
position of the resultant centre of pressure of the airfoil section of the 
blade in front of the centre of rotation of the blade (the blade’s longitudi- 
nal axis). In normal level flight this aerodynamic moment is relatively 
small in magnitude. 

As the governor oil pressure builds up to a value on the piston just 
greater than the sum of these three forces, the piston starts to move out 
towards the front of the dome, and engine oil in front of the piston is dis- 
placed back into the engine lubricating system. This outward movement 
of the piston increases the pitch of the blades and slows down the speed 
of the engine to the r.p.m. for which the constant-speed control is set, the 
pilot valve in the governor descends to mid position, thus shutting off the 
top part of the drive-gear shaft and cutting off the supply of governor oil 
to the airscrew. The oil -under pressure from the pump then circulates 
through the relief valve back to the engine, and the airscrew runs on 
speed. 

Should the engine r.p.m. fall below the speed for which the governor is 
set, the pilot valve in the governor descends stiU further, opening the 
bottom of the drive-gear shaft to drain. Engine oil in the dome on the 
outboard side of the piston is always, during normal airscrew operation, 
under pressure from the engine oil pump. This pressure acts as if a spring 
were placed between the outer end of the piston and the front of the dome, 
the spring, however, having the unusual characteristic of exerting a con- 
stant force regardless of the amount of its compression. The centrifugal 
t-wisting moment of the blade, aided by this “ spring ” force, moves the 
piston inward, overcoming friction and forcing governor oil back through 
the governor to drain. As the pitch of the blades decreases, the engine 
speed picks up and the pilot valve in the governor is raised, closing the 
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drain through the 
drive gear shaft just 
as the engine reaches 
the speed for which 
the governor is set. 

It should he 
noted that the relief 
valve in the 
governor is so inter- 
connected with the 
engine oil system 
that it is held closed 
by the force of the 
relief valve spring 
plus the engine oil 
pressure, whatever 
this may be. Thus, 
the effect is to pro- 
vide a maximum 
pressure difference 
across the airscrew 
piston equal to the 

relief valve spring 2i[_ — ^hydbomatic airschew. Distributob valve 

loading, and by this assembly 

means any adverse 

effects on the operation of the airscrew by variations in engine oil pressure 
in any one engine or between engine types are eliminated. 

The distributor valve assembly, which consists of an aluminium 
housing and a spring-loaded distributor valve, is screwed at one end into 
the end of the' airscrew shaft, whilst the outer end is supported in a steel 
sleeve located in the piston. 

Piston rings are fitted to maintain an oil seal between the front and 
back of the piston, and ports are provided in both the valve body and 
sleeve to permit displacement of the oil actuating the piston. 

Only in unfeathering is there any movement of the distributor valve, 
which then acts as a change-over switch ; at other times the valve body 
merely provides passage for the two oil supplies. 

Range of Movement and Blade Angle Adjustment 

In place of the 20° movement of the counterweight t 3 q)e, the hydro- 
matic airscrew provides a range of 35° for constant-speed operation, and a 
further 46° of movement to the fully feathered position. 

Because of varying helix angle and differing blade designs, the angle 
at which the blades will feather and the airscrew remain stationary in the 
airstream requires to be determined for each airscrew, and an adjustable 
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Fig, 22. — ^Abshstgement of bevel geae on blade end 

stop is provided to ensure that the blades cannot turn beyond this 
position. 

At the inner end of the range, likewise,, a stop is fitted to prevent the 
blades going to an unsafe angle should the constant-speed oil supply fail. 

Both of these stops are fitted in serrated rings which are accommo-^ 
dated in a similarly serrated location provided in the fiange of the fixed’ 
cam member in which they can be adjusted by steps of 1°, and where they 
make contact on either side of a block fitted between the teeth of the bevel 
drive gear. 

Adjustment of the pitch angles is thus effected easily and conveniently 
for all blades by the one operation, and no basic adjustment of angle, 
such as was provided in the counterweight type of airscrew, is required. 

The driven gear wheels on the blade ends are staked to the blade 
bushings by eight short packs of laminated springs, six of which He 
radially between recesses machined in the flanges of these components and 
into which they fit. 

Two of these spring packs, however, are offset in such a manner that 
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they tend to displace the driven gears towards the driving bevel on the 
moving cam member, and so provide a constant spring load, keeping 
driver and driven bevels in mesh, thereby obviating the necessity for fine 
adjustment on the depth of mesh. 

The whole arrangement is calculated to insulate the operating mechan- 
ism from any fluctuating of the blade, and to eliminate backlash between 
the bevels. 

Oil sealing is effected at the shanks of the blades, the joint of the 
dome assembly, at the barrel, and between the barrel and spider at the 
rear by special packing rings retained by gland rings, whilst the outlet 
between the airscrew shaft and the spider, which also is subjected to a 
feathering oil pressure, is sealed by means of a “ U ’’-sectioned pacldng 
ring which is supported by the oil pressure. 

The piston working in the dome is provided with a “ T ’’-sectioned 
piston ring of fabric-bonded synthetic material which is clamped in position 
by a screwed junk ring. 

The means of control between the pilot’s cockpit and the constant- 
speed governor may be any of the systems approved or suitable for use 
with the counterweight type airscrew, but the governor itself is mo difie d 
to provide pressure to force the airscrew into coarse pitch, and whilst 
suspending its normal operation, to permit the passage of high-pressure oil 
to feather and unfeather the airscrew. 

The controls for feathering are provided separately and may take any 
one of several forms, depending, for example, upon the number of installa- 
tions to be operated, whether individual or central control is specified, or 
mechanical, electrical, or hydraulic power is to be used. 

They must aU, however, be provided with an independent supply of 
oil at pressxire capable of building up to 600 lb. per square inch, and means 
whereby the pilot may select and apply feathering or unfeathering pres- 
sure to any airscrew without delay or need for careful adjustment. 

By using solenoids, as in the electrical system illustrated, pressure relief 
valves, and similar arrangements, much of the control can be made semi- 
automatic, and little complication therefore is added, nor is any difficulty 
likely to be encountered by a pilot in putting a quick decision into effect. 

Li previous articles endeavour has been made to draw an analogy 
between the airscrew and the transmission of a motor vehicle in order to 
demonstrate more clearly the effects of varying the pitch. 

The fixed-pitch airscrew, for instance, was likened to a car without a 
gearbox, which, because it would have to be powered to surmount a 
specified gradient, would be overpowered for normal running, and there- 
fore most inflexible and uneconomical for general use. 

The two-pitch airscrew was compared to a car designed for normal 
economical use, with a single alternative gear to enable it to surmount a 
specified gradient — a much more economical vehicle albeit still rather 
wasteful on gradients less than the maximum. The two-pitch airscrew. 
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however, improves considerably upon the car performance by reason that 
an aeroplane can always choose the economical gradient. 

The constant-speed airscrew provided the parallel of the infinitely 
variable gearbox, and gave % maximum of speed and a stiU higher index 
of economy over the widest variations of gradient with a considerable 
reduction of w^ear and tear. 

The hydromatic airscrew^ adds the clutch, the overdrive, the freewheel, 
and a durabLlity only equalled by the very best aero engine, or the 
most distinguished automobile. 

No reverse has been provided, since only in a very few special cases 
would this be of advantage, and the analogy, therefore, is complete. 



THE ELECTRICAL CONTROL OF THE 
HYDROMATIC AIRSCREW 


T he hydromatic airscrew provides a very good example of the use 
of full electrical remote control on aeroplanes. Before describing 
the method of control and the circuits, it is necessary to know the 
purpose of the control. 

As has been described elsewhere the hydromatic is a variable-pitch 
airscrew, that is to say, the blades may be moved at will during flight or 
at ‘‘ take off,” so as to give either a coarse or fine pitch. By being able 
to vary the pitch it will be seen that the airscrew can be made to operate 
at its highest efficiency for any particular condition. 

For example, in taking off under heavy load, the airscrew would be 
set to a fibne pitch, and then as the aeroplane became airborne the pitch 
would be altered to coarse. This 
variation of pitch is known as P 

feathering, and the airscrew 
may be partly or fully feathered. 

When fully feathered the 
edges of the blades are facing 
fore and aft, that is, in the line 
of flight. 

Being able to fuUy feather 
is particularly useful on multi- 
engined aeroplanes, because in 
the event of serious mechamcal 
trouble, such as a broken oil 
pipe, the act of fuUy feathering 
(after switching the ignition off) 
stops the engine, and as the 
blades are edge to the wind, 
they cannot windmill ” and 
so cause further damage to the 
engine. 



Essentials of the Electrical 
Equipment 

The moving of the blades 
is done hydraulically at high 
2>. 7 


lE ' ig , 1. — ^Euboteicaj* cjmcntr roit conteol op 

HYDBOMATIC AIBSOEBW 

F, feathering switch ; P, pressure r^ef 
valve ; R, motor solenoid switch ; FP, feather- 
ing pump, 
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pressure, but the mechanism is driven and controlled electrically. 
Essentially, the equipment consists of a motor for driving the pump, a 
magnetic relay svitch for closing the motor circuit, a feathering switch, 
a pressure rehef valve having electric contacts attached, and finally a 
source of supply in the form of a 12- or 24-volt battery. 

The Feathering Switch 

Operation is initiated by the feathering switch, which must be 
mounted within easy reach of the pilot and yet not be in such a position 
that it can be moved accidentally. This switch is a specially designed 
“ push-on ” type, and is spring loaded so as to maintain the contacts 
normally open. 

Also incorporated in the body of the switch is a solenoid , brought into 
action when the plunger is depressed, and so arranged that it keeps the 
contacts closed against the action of the spring. This allows current to 
flow around a solenoid winding of the switch connected in the motor 
circiut itself, thus starting the feathering pump, which operates until the 
airscrew is half feathered, when the pressure relief valve operates. 

The electric contacts attached to this valve are connected in series 
with the solenoid of the feathering switch near to the pilot, and as soon 
as the pressure reaches a predetermined value, the relief valve opens 
these contacts, which open the solenoid circuit of the feathering switch. 
This in turn opens the solenoid circuit of the motor switch and so stops 
the pump. The circuit described is shown schematically in Fig. 1. 

Heavy Cable is Required 

To continue the feathering to its maximum, the feathering switch 
must be held in by hand until the airscrew is fuHy feathered. Li flight, 
the time taken fuUy to feather is approximately 6 seconds, and the current 
takoi by the motor 150-200 amperes at 12 volts. ’This large current 
naturally calls for heavy cables, either 248/'018 or 416/’018, depending 
on the length of the run, 

Unfeathering 

Having feathered, it may become desirable to unfeather, which is 
again done by means of the switch in the pilot’s cockpit. The switch is 
closed as for feathering, but the hydraulic pressure is now applied to the 
opposite side of the feathering piston, and as soon as the blade has partly 
turned, the airstream commences to act on it and assists the pump in 
biinging the pitch back to normal. 

Combining Feathering and Starting Circuits 

When an, aeroplane is fitted with electric-engine starting, a consider- 
able saving in cabling can be effected by combining the airscrew feathering 
circuit with that of the engine starter, as these two circuits are not 




With one single-acting and one two-way solenoid switch in the circuit. 
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required at the same time. Pig. 2 shows a dual circuit of this nature for 
a twin-engined aeroplane with two single-acting relay switches in the 
motor circuits of each engine. Pig. 3 shows a similar circuit, but employ- 
ing one single-acting and one two-way solenoid switch in the circuit. 

Whichever circuit is adopted is purely a matter of choice, as neither 
has any outstanding advantage. In the case of Pig. 2 (single acting), it 
would be advisable to mount both the solenoid switches in the fuselage, 
otherwise the necessity would arise for a pair of permanently live ’’ 
heavy mains running along each wing of the aeroplane to the engines, 
but on the other hand switching is slightly simpler. With Pig. 3 (double 
acting), all relays can be mounted out of the way, in the engine nacelles. 
Referring to this diagram, it should be noticed that the feathering switch 
has three contacts, the object of which, when feathering, is to close the 
single-acting relay slightly before the double-acting relay is puUed over 
to the feathering contacts. The diagrams as drawn show the circuit 
ready for engine starting. 



NOTES ON THE OPERATION AND 
CONTROL OF THE 
CONTROLLABLE-PITCH AIRSCREW 


I N the previous pages we have described the general principle of the 
controllable-pitch and hydromatic airscrews, and have dealt in detail 
with the complete overhaul, installation, and maintenance of the 
former type. 

In the following pages it is proposed to deal with the operation and 
control of the controllable-pitch airscrew after it has been installed on 
the aeroplane. 

Preliminary Test after Installation 

(a) Before running, the airscrew should be turned past a fixed point 
to check the track of the blades. An error of ± in. is admissible ; but 
if this amount is exceeded, it is an indication, either that the airscrew is 
not true on the engine shaft, or that one or more of the blades are outside 
tolerance on face alignment and the airscrew should in this case be 
rectified at the first opportunity. 

(b) Check over all security fastenings. Where spinners are employed 
they will be fitted either wholly or in part after the airscrew has been 
installed and should be checked over for security of attachment as a last 
operation before the engine is run. 


Inspection before First Flight Test 

Before the first flight test, inspection should be made to ensure that 
the operation of pitch changing is normal. Service experience has shown 
that it is preferable to make the airscrew-blade assembly as tight as 
practicable during erection, because when the airscrew is rotating the 
centrifugal pull of the blades stretches the barrel sufficiently to free the 
assembly for proper operation in changing pitch. This test of operation 
should therefore be made by observing the pitch-change mechanism 
during the process of running up, and not by attempting to change the 
pitch of the airscrew blades by hand while the engine is at rest. 

(1) Start the engine and run it up to about 900 r.p.m. for ten or twelve 
minutes, with the airscrew in fine pitch. 

101 
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(2) Switch off the engine, and charge the airscrew with grease, using 
a special grease gun with the extension provided in the running 
tool kit. 

If a pressure gun is available, this naay be used, hut care should be 
taken not to exceed the pressure of 2,500 lb. per square inch, because the 
blade plug is liable to be displaced by greater pressure. 

(3) If, whilst the engine is running, any vibration is apparent which 
is not attributable to other causes, it may be due to uneven distribution 
of grease within the hub, and the grease gun should, in these circumstances, 
be apphed again until either the vibration disappears or the hub is 
quite full, which condition is easily recognised by the sohd feel of the 
grease gun. 

(4) Check the pitch-changing mechanism whilst the airscrew is rotat- 
ing. This can best be observed by noting the travel of the cylinder &om a 
position in the plane of rotation. Any marked difference in the rate at 
which the airscrew changes pitch from coarse to fine or vice versa, after 
due aUowanee has been made for atmospheric temperature, etc., should 
be a reason for investigation. 

Points to Remember regarding Change of Pitch 

In observing the change of pitch, however, it should be borne in mind 
that, whereas hydraulic pressure changes the blade angle from coarse to 
fine pitch, centrifugal force acting on the eounterweights is applied to 
change the angle in the reverse direction. Therefore, the latter change 
will be accomphshed more rapidly at high engine r.p.m. because of greater 
centrifugal force. On the other hand, change from coarse to fine pitch 
will be more rapid at lower engine speeds, when, naturally, centrifugal 
forces are lower. Furthermore, it should be remembered that the change 
from coarse to fine pitch is accomplished more slowly on the ground than 
in flight, because the relative angle of attack of the blades is high, and the 
resulting aerod 5 Tiamic reactions on the blades oppose pitch change in 
this direction. 

(5) The throttle should be operated carefully when changing from 
coarse to fine pitch whilst checking revolutions on the ground, for the 
reasons given in “ Operating Airscrew in Flight.” 

Operating Airscrew in Flight 

Normally, the de Havihand controllable-pitch airscrew will change 
pitch in either direction as required, under all normal conditions, without 
any further attention from the pilot than the operation of the control. 

The forces acting in combination to produce these effects are, however, 
all variable ; and acting sometimes in concert and sometimes in opposition, 
they may be employed either to retard the pitch change or to accelerate 
it in equal degree. 
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To appreciate the operation of the airscrew in flight, therefore, it is 
necessary to consider the effects of the various controlling forces under 
different, conditions and in different attitudes of the aeroplane. 

The first of these forces is the centrifugal effort of the counterweights, 
which is acting to hold the airserew ha coarse pitch against the couple 
which tends to turn the blades into the plane of rotation during the whole 
time the airscrew is revolving and whose effort varies directly as the 
square of the r.p.na. 

The second force is the engine-oil pressure, which is maintained at a 
constant value hy the engine relief valve, and, operating upon a fixed- 
diameter cylinder, produces a determinable puU acting against the force 
of the counterweights when oil is admitted to the cylinder. It will be 
apparent, in order that the airscrew shall move into fine pitch, that it is 
necessary to proportion the cylinder and oil pressure to overcome the 
maximum centrifugal force which may be developed by the counter- 
weights. 

The third force arises from the movement of the centre of pressure 
on the surface of the blade in accordance with the effective angle of attack 
—moving towards the leading edge when the angle is high and towards 
the trailhig edge when the angle is low, and tending thus either to assist 
or retard the pitch change. 

Fine Pitch 

The best conditions for going into fine pitch, therefore, are low r.p.m. 
to reduce the opposing effort of the counterweights and as high an airspeed 
as possible in order to reduce the effective angle of attack and displace 
the centre of pressure of the blades towards the traOing edge. These are 
best effected by throttling back and putting the aeroplane in an attitude 
of glide. 

Coarse Pitch 

To change into coarse pitch it is desirable to increase the centrifugal 
force of the counterweights and to move the centre of pressure on the 
blades towards the leading edge, which conditions correspond to a high 
engine r.p.m. and an attitude of climb. In the last case, however, it will 
be clear that sustained climb will hold down the r.p.m., but the conditions 
can be met by maintaining a high affspeed and operating the airscrew 
control, at the saine time putting the aeroplane into an attitude of slight 
climb. 

Since two of the requirements in this last case are contrary, there will 
be an optimum set of conditions of airspeed, engine speed, and climbing 
angle, at which the airscrew will change pitch most promptly. These 
conditions can only be determined for each type by experiment. 

It is necessary to land aeroplanes with the airscrew in the fine-pitch 
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position, especially where limitations of space or weather conditions make 
iflTiding difficult or hazardous and maximum power and chmb may he 
required in emergency to take off again. 

When, however, the aeroplane has landed, the engine should he run 
up and the airscrew allowed to take up the coarse-pitch position before 
the engine is stopped. 

Routine inspections and adjustments will he facilitated if the airscrew 
is left in this position, since the piston and cup leathers are then immedi- 
ately under the cylinder head, where they are most accessible. 

In addition, this practice will afford opportunities at the beginning 
and end of each flight to observe the airscrew actually changing pitch. 

Possible Pitch-change Troubles 

If, in the course of test, the airscrew fails to change pitch or is notice- 
ably sluggish in either direction, the matter should be investigated, when 
the reason will usually be found amongst the possible troubles listed 
hereafter : 

(1) Complete failure of engine-oil pressure. 

(2) Low or intermittent oil pressure, resulting from defective reHef 
valve, shortage of oil supply or, in cold weather, from cavitation in the 
engine supply pump. 

(3) The Control Valve. — ^In particular the control valve is hable to lose 
its adjustment and either' completely or partially blank one of the ports, 
thereby preventing admittance of oil to the cylinder or the escape of the 
oil from the cylinder. In the event of any of these faults occurring, the 
control system should be thoroughly overhauled in case stoppage of the 
inlet or ffirain has occurred. Ascertain if weaving of the 'wing in flight 
or other distortion of the structure can affect the adjustment of the 
control, which is satisfactory on the ground. 

(4) Pilot's Control . — ^Examine this for possible failure to operate the 
control valve, either because of lost motion or the stretching of controls 
in flight as described above. 

(5) CouTtterweight Bearing-cap Mace. — ^Unlock and unscrew the 
counterweight cap, remove the counterweights, and inspect the cap race 
on the bearing assembly, which is located in the cam slot of the counter- 
weight bracket, to ascertain that it has not been mounted incorrectly. 
The curved tracks or grooves in the roimd cap race must coincide wdth the 
curves of the ball cage. 

(6) CownierweigM Bearing Shaft. — Inspect clearances between the 
thrust washer and the back of the counterweight bracket to ensure that 
the counterweight hearing race assembly is not too tight. 

(7) Thrust and BaU Paces. — ^After considerable running time, thrust 
and ball races tend to become pitted in the coarse-pitch position and 
may slow up the rate of change. 
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(8) Piston Leathers.— Piston leathers oyertightened or unevenly put 
on may jamb in the cylinder bore and resist movement of the cylinder. 

The Question of Balance 

The state of balance of any airscrew is most important, smce any 
want of balance may not only induce vibration uncomfortable to the 
pilot and loosen connections and attachments, but may have even more 
serious effects. 

The utmost care, therefore, is exercised throughout manufacture. 

All component parts are produced to standard weights and moments 
within exceedingly small tolerances, whilst finally the completed airscrew 
is balanced on rigid and accurate knife-edges. 

This static balance check, taken in conjunction with the checb'ng of 
the blades for track, also serves to prove dynamic balance, since all 
components which gyrate around the axis of rotation are mdividually 
balanced for both weight and moment about that axis, and as each group 
revolves in a plane at right angles to the centre Ime, no disturbing couples 
can be set up except as the result of serious deformation in the airscrew. 

Finally, aerodynamic balance is effected by carefully liTni ting the 
dimensions, areas, and angles of the blades — ^not excluding repaired 
airscrews — ^within close tolerances. 

Correctly assembled, therefore, there is no reason why the airscrew 
should ever deteriorate in balance, since it deflects more unif ormly under 
load than does a wooden airscrew, is not hable to blade distortion from 
climatic conditions, and has no fluid moisture content. 

Should vibration develop in an installation which has previously been 
smooth in operation, therefore, it is only necessary to examine the blades 
visually and check their track at the tip — since deformation which might 
set up vibration wfll always be most apparent at the tip — ^when, if no 
damage is apparent, the airscrew can safely be ruledout as the possible cause. 

The Controllable-pitch Airscrew in Constant-speed Installations 

To convey a clear impression of application and functioning, the 
previous notes have dealt with the airscrew almost solely in two-pitch 
applications, but actually airscrews with 14° pitch range or more are 
usually employed under constant-speed control. 

If a two-pitch airscrew in fine pitch be considered for a moment, it will 
be observed that the channel from the engine-oil system to the airscrew 
cylinder is open, and that the oil pressure is holding the blades in fine 
pitch against the effort of the counterweights, which are endeavouring to 
return the blades to coarse pitch. 

The oil drain to crankcase is closed. 

In moving the control towards coarse pitch, a stage is reached, at 
about half-travel, when the oil supply from the engine is shut off, but the 
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oil drain is not yet open, so that any oil remaining in the cylinder will be 
trapped and wiU prevent the blades returning to full coarse pitch. 

A slight movement of the control from the position in the direction 
of coarse pitch will release oil from the cylinder, so increasing the pitch 
and decreasing the r.p.m., whilst a similar movement in the reverse 
direction will admit oil to the cylinder, so decreasing the pitch and 
increasing the r.p.m. 

If, therefore, the pilot were provided with a spring plunger on the 
pitch-change lever, or other arrangement on which could be felt the mid- 
position of the valve at which both inlet to and outlet from the airscrew 
are closed, he could obtain some measure of constant-speed control by 
following up each change of power, height, or airspeed by an appropriate 
movement of his lever. 

Automatic Governor 

Such an arrangement would be impractical, because of the skill and 
attention required of the pilot ; but the control is easily effected by means 
of an automatic governor. 

In constant-speed applications, therefore, the de HaviUand con- 
trollable-pitch airscrew is provided with a governor driven from the 
engine, which varies automatically the pitch of the airscrew blades as 
required to maintain constant engine speed. 

It thus enables the ermine to develop full power continuously, without 
regard to the altitude or attitude of the aeroplane or to its forward speed 
through the air, throughout take-off and climb, up to the critical altitude 
of the engine. 

The governing unit is effective over a wide range, and any speed below 
or above the rated engine speed faHing within the range can be selected 
by the pilot, who is provided with a control lever worldng in a quadrant 
graduated for increase and decrease in r.p.m. 

Power is varied by means of the engine-throttle control in the con- 
ventional manner, but within the constant-speed range no change in 
r.p.m. occurs, since normal movement of the throttle lever is followed 
immediately by an automatic change of blade angle, and the variation 
in power which results is only to be observed in changes in the manifold 
pressure (or boost) and airspeed. 

The safety features of the controllable-pitch airscrew are ah. retained 
in the constant-speed application, and the counterweight a.djusting 
. screws are set to linut the blades to safe angles which they cannot exceed 
in flight. 

Safe Angles 

These positions of the blade, which are known as " positive coarse 
pitch ” and “ positive fine pitch ” respectively, occur at each end of the 
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constant-speed range, and can be selected by the pEot at wiU bv 
the constant-speed lever through the range of controUed speed/ 

«d of the quadrant. P<«itive fine pitchrhowerer, ia ZJ’Sta 
type installations for test purposes, and in production aeroplaneflt t 
usual to omit this settmg to enable the control to hold the engine wilt/ 
maximum permissible revolutions under aU normal condition of fl J 
With the airscrew in positive coarse or fine pitch, the governing SI' 
of the control umt is suspended and engine revolutions wffl varv 
throttle movement in the usual manner. j vj,i,u 


In cases where neither automatic mixture control nor a fuel/air ratio 
indicator is provided, the mixture may be adjusted periodicaUy bv puttinv 
the airscrew into positive coarse pitch and operating the mixture control 
as explained in further detail under “ Control.” 

On the other hand, where automatic controls for both mixture and 
power (boost) are employed in conjunction with the constant-speed 
airscrew, the engme wifi hold any preselected revolutions and power 
from take-off up to critical altitude without further adjustment^ 
Such an installation not only reheves a pilot from the need to adjust 
his power, revolutions, and mixture strength at frequent intervals and of 
all anxiety for his engine, but it also permits a more economical fuel 
consumption than could be obtained safely by manual adin<»tTnAT>+ 

All de HaviUand airscrews are essentiaUy constant-speed ScLs 

and where they have been fitted for two-pitch operation, they can be 
converted to constant-speed operation by making provision for mounting 
the constant-speed unit and adding the pilot’s control. ^ 

In some few instances it may be desirable to provide a slightly 
increased pitch range in the airscrew to derive the maximum advantage 
from constant-speed operation, and where the range of speed is much 
increased, it -may be desirable to exchange the counterweight caps, but 
in many eases no alteration to the airscrew will be required. 


Control Unit for Constant-speed Operation 

The control unit for constant-speed operation is simple and robust 
in design, and consists of a small gear-type boost pump, which is fed 
from the engine main oil supply, and which delivers oil under pressure to 
the airscrew through the airscrew shaft. 

In the unit with the boost pump is a spring-loaded governor, which is 
driven from the crankshaft through gearing, and actuates a .«iTna.n piston 
valve which controls the fliow of oil to and from the airscrew cylinder by 
admitting oil when the speed falls and so reducing the pitch of the blades 
and vice versa. 

The pilot’s control is effected by preloading the governor spring to 
any chosen value indicated on the r.p.m. indicator or on a scale marked 
on the control quadrant. 

The ratio of the drive between crankshaft and constant-speed unit is 
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determined by tbe rated speeds of the engine in relation to the charac- 
teristics of the unit, which has a control range of 2,800-1,000 r.p.m. at 
the goTemor spindle. In the majority of installations the whole of this 
governing range is not required, and means are provided for restricting it 
to the specific requirements of individual instaflations. This restriction 
of the governing range simplifies the arrangement of the pilot’s control 
system. 

For most installations it is recommended that at the maximum rated 
speed of the engine in level flight, the constant-speed unit should be 
geared to run at a speed of 2,520 r.p.m,, which is 10 per cent, less than the 
upper effective limit of 2,800 r.p.m., but this rule is varied for special 
applications in which the operational requirements are abnormal. 

Whilst the constant-speed unit is proportioned to operate the largest- 
size airscrews, it only weighs about 4 lb., and the saving of weight which 
might be effected by introducing alternative sizes with reduced outputs 
for smaller airscrews is completely outweighed by the advantages of 
maintaining 100 per cent, interehangeabihty, and only one size, therefore, 
is manufactured. All units can be suppKed to run either clockwise or 
counter-clockwise, and any unit can be altered from one direction of 
rotation to the other very quickly. 

The advantages to be obtained from constant-speed operation are 
most apparent in the case of high-performance aeroplanes and super- 
charged engines, which usually employ reduction gears and require very 
coarse angles on the airscrew for level flight. 

On the other hand, comparatively small angles must be available for 
take-off, and it occurs, therefore, that the range between coarse and fine 
pitch is so large for this type of aeroplane that it becomes increasingly 
difficult for the two-position airscrew to give a satisfactory performance 
between the extreme conditions. 

Moreover, it will be apparent that, whilst there are three important 
sets of conditions to be catered for in taking an aeroplane to operational 
altitude, the two-position airscrew provides only two pitches to meet 
these requirements. There is no difficulty in adjusting such an airscrew' 
to obtain maximum efficiency both at take-off and in level flight at 
altitude, but it is sometimes a problem to decide the best provision for 
the third condition — climb. 

If, for instance, the airscrew is adjusted to allow the engine to develop 
its full climbing horse-power at the moment of leaving the ground, it wiU 
not be possible to continue to climb in fine pitch at this power, as at 
optimum climbing angle the engine would exceed its rated r.p.m. unless 
it were throttled down, thereby reducing the effective thrust and rate of 
climb. 

If, on the other hand, the aeroplane is climbed in coarse pitch, the 
effect at low altitudes is to hold dovra the r.p.m., and again the engine is 
prevented from delivering its rated power. 
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The question is further complicated by reason that in neither of these 
cases are the conditions stable, owing to the change of atmospheric 
pressure with altitude ; and it is necessary, therefore, to adjust the 
throttle at intervals to maintain the desired r.p.m. 

In practice some compromise is usually made in firtT^g the angles of 
a two-pitch airscrew to provide the best possible performance noder 
conditions specified in the order of relative importance, and not infre- 
quently the final settings are decided upon only after a series of tests. 

Aeroplane Performances with Constant-speed Control 

The manner in which constant-speed control provides a solution to 
this problem is best illustrated graphically, and a series of calculated 
performances on a typical high-performance aeroplane have been plotted 
in graph form in Figs. 1, 2, 3, and 4 to show the thrust horse-powers 
availahle with fixed-pitch, two-position, and constant-speed airscrews in 
various conditions of flight. 

Since the object is to compare the efficiencies of the airscrews, a basis 
of constant horse-power has been adopted m preference to one of constant 
boost, as with the latter system there is progressive iacrease in output of 
about 1-1 per cent, for each 1,000 ft. of altitude arising from reducing 
back pressure, which adds a varying factor to the diagrams. 

Constant horse-power impMes that from sea-level to critical altitude 
the engine will be operated to give a constant and steady power, so that 
the thrust horse-power indicated at any point on the curves is more 
directly a measure of the efficiency of that particular airscrew tmder the 
conditions obtaining. 

The data are derived from a twin-engined aeroplane having a maxi- 
mum speed of 250 m.p.h. at rated power at an altitude of 10,000 ft., 
which is also the rated altitude of the engines. 

At rated power the speed at sea-level is 226 m.p.h. 

For maximum chmb at rated power the speeds are 126 m.p.h. and 
138 m.p.h., at sea-level and at rated altitude respectively. 

Take-off speed is taken as 65 m.p.h. at sea-level. 

The en^es are rated at 760 horse-power for 2,500 r.p.m. at 10,000 ft., 
whilst the cruising limits of operation are taken as 75 per cent, rated 
power and 91 per cent, rated speed. 

The fixed-pitch, two-pitch controllable and constant-speed airscrews 
used in the comparison are aU three-bladed and identical in size and 
shape. 

The diameter has been selected to provide the best compromise 
performance for all conditions of flight, whilst both the fixed-pitch 
airscrew and the coarse-pitch angle of the two-pitch controllable are set 
for maximum speed in horizontal flight at 10,000 ft. — ^the rated altitude. 

The fine pitch of the controllable two-pitch airscrew is adjusted for 
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maximum climb at rated altitude for the purpose of more direct com- 
parison, though normally the setting would be made for take-off or climb 
at sea-level. 

Performance at Take-off 

In Fig. 1 the effective thrusts of the three airscrews have been plotted 
in ratio to the thrust of the fixed-pitch airscrew for various airspeeds 
at sea-level, with the engine operating at maximum permissible boost. 

It will be observed that the average thrust of the constant-speed 
airscrew is about 60 per cent, more than that of the controllable and 
150 per cent, more than the fixed-pitch airscrew between 0 and 65 m.p.h. 

Advantages at Take-off 

These figures are a direct measure of the difference in acceleration 
between the airscrews, and give a very clear picture of the advantages 
attending the use of the constant-speed airscrew at take-off. 

Performance at Sea-level 

The thrust variation is shown for speeds up to 240 m.p.h. It is clearly 
apparent that the constant-speed airscrew provides a much greater 
thrust than either the fixed-pitch or the controllable airscrew throughout 
the entire speed range except for two speeds. In one instance, at about 
178 m.p.h., the constant-speed airscrew assumes the same angle as the 
■controllable in the fine-pitch setting ; in the other, at about 248 m.p.h., 
it attains the same angle as the fixed-pitch airscrew. For the controllable 
and fixed-pitch airscrews at speeds in excess of 178 m.p.h. and 248 m.p.h. 
respectively, the thrust falls rapidly, due to the necessity of throttling 
the engines to prevent overspeeding. 

The speeds at which the constant-speed thrust is the same as that 
developed by each of the other type airscrews do not correspond to the 
climbing and maximum speeds, but are in excess of them, because the 
airscrews were set for these conditions of operation at rated altitude and 
not at sea-level, and therefore have a greater angle than would be required 
for the corresponding conditions of operation at sea-level. The advantage 
of the constant-speed over the controllable and fixed-pitch airscrews in 
climb and at maximum speed at sea-level is clearly indicated in comparing 
the thrusts available at approximately the climbing speeds and the 
maximum speeds which would be obtained with each of the three 
airscrews. 

Performance during Climb 

Fig. 2 shows the variations in thrust horse-power available in chmb 
as the altitude increases, when the engine operation is such that rated 
power is available at rated speed throughout the climb. 
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The constant-speed airscrew has a very considerable advantage at 
sea-level, where it provides about 20 per cent, more thrust horse-power 
than the controllable and 35 per cent, more than the fixed-pitch airscrew, 
both of which are set for altitude operation. 

This difference diminishes as altitude is increased, until at rated 
altitude, for which the blade angles of the controllable are set, the thrust 
horse-power is the same for both the variable airscrews. 

At altitudes above rated, the thrust horse-power provided by the 
constant-speed airscrew falls off proportionately to the reduction in power 
of the engine above critical altitude, due to altitude effect. 

Similarly, the power available with the controllable airscrew faHa off 
at a faster rate, as the fine-pitch angle is too coarse above critical altitudes 
to permit the airscrew to turn at rated speed, and to this loss in thrust 
horse-power arising directly from the airscrew must be added the loss 
resulting from the decrease in speed below the rated level. 

The constant-speed airscrew gives about 60 per cent, morg power at 
sea-level and about 16 per cent, more at rated altitude than the fixed- 
pitch airscrew, the blades of which are set, not for climb, but for maxitmiTn 
speed at altitude. 

The decrease in thrust horse-power available with the constant-speed 
airscrew at the more considerable altitudes is due in part to the decrease 
in the efficiency of the airscrew, which requires an increased diameter to 
maintain the optimum climb performance. 

It is noteworthy, however, that on the constant-boost basis the 
increase in brake horse-power with altitude up to critical more than 
compensates for the falling-off in airscrew efficiency. 


Performance during Cruising 

Fig. 3 shows the variation with altitude of thrust horse-power available 
for cruising. At sea-level, the constant-speed airscrew provides about 
19 per cent, greater power than the controllable (in high pitch) and the 
fixed-pitch airscrew. This difference diminishes with altitude until, at 
rated altitude, the thrust powers are the same. Above rated altitude, 
the difference increases because of the necessity for throttling the engine 
to prevent overspeeding with the controllable and fixed-pitch airscrews, 
until at cruising critical altitude the thrust power available with the 
constant-speed airscrew is about 26 per cent, greater than with the other 
airscrews. 

The reason that the difference in thrust powers is zero at rated altitude 
is because the cruising rating is taken on the rated power airscrew load 
curve.” This permits full cruising power to be developed at rated 
altitude at the same blade-angle setting as will give rated power and r.p.m. 
in level flight. Thus the angle settings for the cruising condition will be 
the same for aU three airscrews at rated altitude. 
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The constant-speed airscrew develops substantially constant thrust 
powers up to the engine critical cruising altitude of 17,200 ft., as the 
airscrew efficiency is practically constant and since it is possible to main- 
tain full cruising engine power by opening the throttle as the altitude is 
increased. Above this altitude the en^e is operating at full throttle 
and the power drops off as the altitude is increased. 

This chart shows clearly the great advantage of the constant-speed 
airscrew over the controllable and fixed-pitch airscrews, especially for 
altitudes greater than the rated altitude of the engine. 

Maximum Speed 

Fig. 4 shows the variation in thrust horse-power with altitude for 
the maximum-speed condition in a similar manner as for the cruising 
condition. It clearly shows the advantage of the constant-speed air- 
screw over the other two. At sea-level the constant speed provides 
about 21 per cent, more thrust power. This difference gradually 
diminishes as rated altitude is approached and is zero at that altitude. 
Above rated altitude, the difference increases for the same reason as in 
the case of the climh condition. 

These calculations demonstrate clearly the advantage to be gained in 
aU conditions of flight by the use of constant-speed control, and indicate 
the necessity for such a device on the high-performance aeroplanes now 
being designed and built. 

For take-off the pilot may utilise aU the power which the engine 
manufacturer allows for safe operation of the engine. This is accom- 
plished by opening the throttle to give the maximum permissible manifold 
pressure and adjusting the constant-speed control to give full take-off 
r.p.m. The constant-speed airscrew will hold this r.p.m. steadily, 
irrespective of the change in the forward speed of the aeroplane as it 
increase finm zero at the start of the take-off to flying speed. Therefore, 
with manifold pressure and r.p.m. unchanged, thds full power is utilised 
throughout the take-off run and into the climh. 

Where different take-off and chmb r.p.m. are specified, it will be 
necessary to readjust the constant-speed control after take-off, but 
whilst climbing to cruising altitude, the full rated or climhing power of 
the engine is available at aU flying speeds and all altitudes by independent 
control of the manifold pressure (throttle) and the r.p.m. (constant-speed 
control). With supercharged engines there is more decided increase in 
the rate of climb to cruising altitude compared with the corresponding 
performance using a fixed-pitch or two-position controllable airscrew. 

Cruising and High Speed 

When cruising altitude is reached and the pilot wishes to reduce the 
power to that draired for cruising, it is simply required to set the constant- 
speed control to the eorresponffing r.p.m. and adjust the throttle to the 



CONTROL OR THE CONTROLLABLE-PITCH AIRSCREW 115 

cruising iiiaiufold. pressure. A change in altitude, of course, necessitates 
readjusting the throttle to correct for the corresponding change of 
manifold pressure, but the r.p.m. will remain unchanged, being auto- 
matically taken care of by the constant-speed control. 

Cruising speed and top speed are both markedly improved above and 
below critical altitude for cruising compared with the performance when 
using a fixed-pitch or two-position controllable airscrew. Flight tests 
in a typical case, for instance, have shown that the unprovement at sea- 
level was approximately 15 m.p.h. with the constant-speed airscrew. At 
critical altitude the constant-speed airscrew would, of course, give the 
same performance as either a fixed-pitch or a two-position controllable 
airscrew adjusted for that altitude, but above that altitude the improve- 
ment in cruising speed and top speed would' again appear with the 
constant-speed installation. 

Demonstration and Exhibition Flying 

For demonstration and exhibition fiying the constant-speed aimcrew 
is of the utmost value, since it enables the engine to deliver its full power 
whilst the aeroplane is manoeuvring or carrying out aerobatics, and it 
ehminates the harmful effects of engine overspeeding in dives and retards 
undesirable rise of cylinder mean effective pressure in zooms of full- 
throttle climb. In formation flying the speed of each aeroplane is con- 
trolled by throttle in conventional manner, but the change of power is 
not accompanied by any change of r.p.m. and only the manifold pressure 
and airspeed vary. 

Multi-engined Aeroplanes 

On multi-engmed aeroplanes the need to control the r.p.m. of the 
engine is more exacting than in the case of a single-engined aeroplane, 
since any slight variation becomes apparent at once by the engines falling 
out of synchronism. The ability of constant-speed airscrews to maiutain 
synchronism is extremely good, and multi-engined aeroplanes carrying 
two, three, and four engines demonstrate this fact continually. 

Sudden “ Burst ” of Throttle on One Engine 

The most exacting condition to which the constant-speed airscrew 
can be subjected is the sudden change in blade pitch required to accom- 
modate a “ burst ” of throttle on one engme with the remaining engines 
running steadily in flight. In this circumstance the airscrew responds so 
quickly that no more than six or seven seconds are required to return the 
engine speed to synchronism with the other engines. Oiily a momentary 
reduction of engine speed occurs when suddenly “ cutting ” one throttle 
on a multi-engined aeroplane in flight, and it is most difficult to detect any 
shade of variation in engine speed as the result of climbing suddenly. 
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diving, or going into sharp turns. Multi-engined aeroplanes equipped 
with constant-speed airscrews, furthermore, are little affected by rough 
air when once the engines are synchronised and the throttles can be 
readjusted as desired without putting the engines out of phase. Thus, 
when climbing or descending, the throttles can be moved to adjust the 
boost without alteration to engine revolutions. 

Economy 

In multi-engined aeroplanes used in long-distance flying, great 
economy is derived from the use of constant-speed airscrews, since they 
permit the engines to be operated imder the most economical conditions 
during ehmb and descent from cruising altitude as well as while cruising 
at intermediate altitudes. In descending from cruising altitude, it is 
possible to increase the airspeed of the aeroplane considerably without 
change of engine r.p.m. or power. 

In case of the failure of one engine of a multi-engined aeroplane, the 
pitch of its airscrew should always be adjusted to “ positive coarse pitch ” 
in order to reduce the drag of the rotating airscrew. 

With the constant-speed airscrew there is no longer the limitation 
imposed by the necessity to fly at powers specified by the old familiar 
“ airscrew load curve.” The pilot may select any combination of engine 
speed and manifold pressure within the operating range. It is a weU- 
^own fact that certain engine speeds induce resonant vibrations in 
various parts of the airframe structure, and that these vibrations not only 
are very annojnng, but in some cases may be actually dangerous. With 
the constant-speed control it is possible to set the engine speed for the 
smoothest operating conditions, and this speed will be maintained 
automatically by the control. 

Another advantageous feature of the constant-speed airscrew which 
may not at first appear favourable is in fact a benefit in time of need. 
When gliding or coming in for a landing, the airscrew automatically goes 
towards fine pitch and with slight opening of throttle a moderate amount 
of power is available without overspeeding the engine. Should emergency 
demand considerable power, however, the constant-speed unit brings the 
speed back to normal with a perceptible acceleration of the aeroplane as 
the blades go to a higher pitch and convert the kinetic energy of rotation 
into thrust. 


CONTROL 

Mixture and Boost Control 

The considerable advantages in performance which have accrued from 
the constant-speed control have intensified the efforts of designers to 
produce efficient forms of mixture and boost control in order that the 
foil benefits of automatic operation might be realised. 
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Already considerable progress has been made, and many forms of 
automatic or semi-automatic control have been applied and others are 
in process of development. 

Where these complementary controls are fitted in a constant-speed 
installation and. no difference between take-off and climbing boost is 
specified, the pilot can select his r.p.m. on the ground, and from the 
moment he opens the throttle to take off until he reaches critical altitude 
his engine will turn at constant speed, deliver the rated power for that 
speed, and adjust its fuel consumption appropriately throughout, 
constantly changing altitude without further attention. 

This is a considerable relief to the pilot in a straight cHmb to high 
altitude, but is of far greater moment where evolutions, contours of the 
country or weather conditions require frequent alterations of altitude and 
speed, besides effecting, in the last-named circumstances, an economy 
of fuel and engine life which could not possibly be attained by manual 
operation of the controls. 

In some installations the mixture strength is computed by means of a 
special form of exhaust-gas analyser, which indicates electrically the 
proportions of the main constituent gases in the exhaust and so enables 
the pilot to adjust his mixture at intervals without disturbing other 
controls. 

Where none of these automatic or semi-automatic controls has been 
provided in a constant-speed installation, the regulation of boost (by 
means of the throttle) and mixture strength (through the hand-operated 
mixture control) will devolve upon the pilot. 

Reference has been made previously to the fact that with constant 
speed in operation, no appreciable variation of engine revolutions occurs, 
even through considerable movement of the throttle lever ; it will be 
apparent therefrom that the conventional method of adjusting the 
mixture strength (by reference to the revolution indicator) cannot be 
used whilst the installation is under constant-speed control. 

It is necessary, therefore, to discontinue the constant-speed control 
and “ fix ” the airscrew in the positive coarse-pitch position, which is 
attained with the control lever at its extreme position beyond the low- 
speed end of the governing range', when the piston valve is positively 
held in the fuUy open position by a shoulder on the control-spring plunger 
and so releases the oil from the airscrew cylinder. 

It is necessary in these circumstances to hmit the full coarse-pitch 
setting to a value which is not much greater than that required for normal 
horizontal flight, and in most installations the stop nuts in the airscrew 
counterweight assemblies will be set to give a coarse pitch slightly in 
excess of that required to enable the unit to govern the r.p.m. in level 
flight at cruising altitude with cruising power. 

Changing over to positive coarse pitch in these conditions will reduce 
the r.p.m. somewhat, and changes in mixture strength or throttle position 
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Fig , 5,— Position of contbols — ^take-off Fig , 6. — Position of contbols — ^fijlIi-thbotti^e oI/Imb 
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Pig, 7 . — PosiTioiT oi* coNa?K,oi.s — OBT 7 ISIHG AT 1,000 FT. Fig, 8. — ^Position of controi^s — IiFybi* cruising at 3,000 ft. 
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will then he apparent on the revolution indicator, but the pilot should 
adjust his mixture without touching the throttle and then return the 
constant-speed control to the required setting. 

It is important that the throttle remains unchanged whilst these 
adjustments are being made, as the carburettor adjustment may not be 
equally correct for different throttle settings. 

A further use for the positive coarse-pitch control position is that, in 
the event of the failure of the airscrew oil line, the control allows the pilot 
to shift the airscrew to positive coarse pitch, which shuts off the flow of 
oil and prevents loss from the engine-oil supply and ultimate engine failure. 

Positive fine pitch also is used for engine testing or on prototype 
aeroplanes where it is desired to check engine revolutions on the ground 
or test bench, but it will not often be required to run the engine under 
positive fine-pitch conditions m flight. 

Mampulation of Controls 

The manipulation of controls in constant-speed installations to produce 
the foregoing effects is a matter requiring some care and forethought until 
the pUot has become accustomed to the redistribution of the information 
afforded by some of his instruments and to the feel ’’ of the aeroplane 
in various conditions of flight. 

Pigs. 5, 6, 7, 8, and 9 show the position of these controls in a typical 
installation in various combinations, together with the recordings of the 
instruments resulting jointly from the settings of the controls and the 
attitude of the aeroplane in each case. 

In this installation both mixture and boost are hand-controlled and 
the engine is rated for 2,100 r.p.m. at 11*7 lb. per square inch absolute 
manifold pressure at 6,000 ft. 

Por take-off and short-period climbs, r.p.m. are limited to 2,400 at 
fuH throttle. 

It will be observed that, whereas the conventional two-pitch control 
of the push-pull ’’ type is pressed forward for high pitch and vice versa 
in order that it may “ follow the throttle ” and accord with general usage 
— the constant-speed airscrew is reversed and is in fine pitch with the 
control advanced. 

This arrangement has been made on similar reasoning, for the 
constant-speed control is almost solely concerned with revolutions and 
by moving it in the same sense as the throttle the association of ideas ia 
maintained and there is less probability of mistake. 

Purthermore, since the lever may be mounted in the same quadrant, 
and has a similar range of movement for some of the most frequently used 
positions, it wdll often be a convenience to be able to move them together.. 

In altering the throttle position or making adjustments to the constant- 
speed control, it is essential that the levers be moved firmly but without/ 
haste. 
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pacts are reminded that the gbyeming function of the constant- 
speed unit is initiated hy small variations in the speed of the engine and 
that the sensitivity of the device has been applied to the smoothing out of 
these variations, which, under normal conditions of flight, occur relatively 
slowly and are of small ampHtude. ^ 

Where, however, both a considerable rate of change and amplitude 
are introduced artificially by sudden movement of the controls, the lag in 
operation, which is not discernible under stable conditions, -vkn also be 
considerable, and may give rise to an undesirable fluctuation of speed 
before it is finally damped out. 

Similarly, the balance of speed and power is more susceptible to 
disturbance when the aeroplane is gliding than when it is in climb or level 
flight, and for the same reason the speed will not, as a rule, be so closely 
governed during a glide or power descent. 

Flight Tests with Prototype Installations 

(1) Where possible, the cockpit control should be rigged so that both 
positive coarse- and positive fine-pitch positions can be obtained on the 
governor. (For installations on which the positive fine-pitch position 
cannot be obtained, read “ End of control lever travel towards fine-pitch 
position ” for “ Positive fine position ” throughout.) 

The airscrew pitch settings should at first be adjusted so that : 

(a) The coarse pitch is that already established or estimated for 
cruising at the highest altitude at which cruising boost can be maintained. 

(b) With the constant-speed control in the maximum r.p.m. position, 
the fine-pitch stop nuts limit the engine speed to a value 15 per cent, less 
than the maximum permitted for take-off. If this involves reducing 
the static r.p.m. below the specified minimum take-off r.p.m. of the 
engine, the engine and airscrew manufacturers should be consulted as to 
a suitable rating for the first take-offs or the advisability of using a special 
fuel to permit the low r.p.m. Alternatively, if settings have already been 
established for two-pitch operation, these settings should be used. 

(2) Before attempting flight, the operation of the installation must be 
checked repeatedly as follows : 

(a) Exercise the airscrew as a normal two-pitch installation. Set 
the governor control to positive fine pitch. Open the throttle to a 
position giving not more than the value of boost pressure permitted for 
economical cruising. Operate the governor control several times between 
positive coarse and positive fine pitch. The airscrew should move 
smoothly and without he^tatipn in both directions. 

(b) Exercise the airscrew under constant-speed conditions. The 
governor control should be moved back slowly from the positive fine- 
pitch position until the r.p.m. just begin to fall. Continue the movement 
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Fig. 9. — ^PosmoH oi oombois — jarvisi, cBTnsnie at 6,000 jt. 


C.S COUTRp^ 
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Fig. 10 . ^iNTEB-BBIiATION OB’ SPEED, POWER, AKD BOOST 
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until the speed drops about 100 r.p.in., when the response of the governor 
to changes of throttle opening may be tried, but care should again be 
exercised that economical cruising boost is not exceeded. 

A sudden change in throttle position wiU cause a surge in speed, but 
the r.p.m. should then readjust quickly and without hunting. The same 
effect is to be expected, but to a lesser degree, when the governor setting 
is altered. 

This test should be repeated with the constant-speed control set for 
cruising r.p.m. 

(3) With the above tests satisfactorily completed, the first flight tests 
may be made with the airscrew operating as a two-pitch airscrew. 

Before take-off, several two-pitch operations should be made (as under 
paragraph 2a) to obtain a supply of warm oil in the airscrew cylinder. 

Initially the aeroplane should be taken off and flown in a manner 
identical with that used for two-pitch installations. When sufficient 
height has been gained, the throttle should be readjusted to cruising boost 
pressure and the constant-speed control to crmsing r.p.m. The pilot 
should then experiment vdth the controls to familiarise himself with the 
response of the governor to changes of airspeed, throttle, and r.p.m. 
settings. 

(4) When the pilot and engineers are satisfied with the behaviour of 
the installation during the initial flight tests, adjustments may be made 
to allow constant speeding during take-off. 

Firstly, the airscrew fine-pitch stop is to be set down so that the full 
r.p.m. at take-off boost are just obtainable on the ground, under governing 
conditions. 

Important Note , — After the airscrew fine-pitch stops have been set 
so that fuU r.p.m. are obtainable, the constant-speed control should be 
re-rigged so the maximum r.p.m. are never exceeded, even when the control 
is in the foremost position. The maximum r.p.m. stop in some types of 
control systems is located in the cockpit and in others no special stop is 
provided and it will be necessary to readjust the major control members. 
The object of such adjustment is to make certain that the constant-speed 
governor never gets into the extreme high-speed position. This precau- 
tion is necessary to avoid the overspeeding of the engine which would 
result if the positive fine pitch which gave maximum revolutions at the 
start of the take-off were obtained in any flight condition. 

Magnetos may be checked by setting the governor control to maximum 
take-off r.p.m. and closing the throttle until the speed falls about 50 r.p.m. 
The airscrew is then in fine pitch and will react to the operation of the 
switches though of fixed pitch. 

From the begin n i n g of take-off and until a safe altitude is reached, any 
adjustment of r.p,m. and boost should be made very slowly, and it is 
usual to make all adjustments to boost prior to resetting the r.p.m. 
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In flight, the pilot should again try the effect of his controls in 
Tarious positions in order that he may become thoroughly accustomed 
“to tJu-Cir usG. 

First Flight Tests 

(5) Before attempting flight, the operation of the instaUation must be 
< 3 liecked repeatedly as follows : 

(а) With brakes on and chocks under the wheels, exercise the airscrew 

on normal two-pitch operation from coarse pitch to fine and back again to 
coarse several times, taking care that economical cruising-boost pressure 
is not exceeded. ^ 

(6) Check constant-speed operation by moving the control lever to 
the end of its travel at the high r.p.m. end of the quadrant and open 
out the engine to a speed shghtly under the maximum permissible static 
revolutions. 

Adjust the throttle to give cruising-boost pressure, and at the same 
time readjust the constant-speed control until the unit is govemiag at 
cruising r.p.m. 

Then open and close the throttle, first slowly to demonstrate that the 
unit is governing, and then quickly to make sure that it is governing 
within normal limits. 

(б) When the mstallation is satisfactory in all the foregoing tests, 
normal constant-speed take-off may be carried out. 

Both pilot and engineer should be thoroughly conversant with the 
above procedure before commencing any test, and it is most desirable 
that the details be freely discussed in order that the nature and purpose 
of each test may be clearly understood. 

General Instructions while Flying 

In dealing with constant-speed airscrews, it should be remembered 
that the throttle controls the engine-boost pressure and the constant- 
speed lever controls the r.p.m. 

Whilst the r.p.m. remain constant, the power delivered by the engine 
will vary directly as the boost or absolute induction-pipe pressure. 

Where, however, the r.p.m. are altered without change of throttle 
position, the power varies as the r.p.m., whilst the boost also varies but 
in the opposite sense. 

The interrelation of the two controls and their effects may be studied 
from the diagram, Eig. 10, which illustrates a typical hand-controlled 
installation unsupercharged. 

The effects resulting from the addition of constant-boost control to 
such an mstallation are indicated approximately by moving the throttle 
lever to maintain a constant boost value throughout the movements of 
the constant-speed control. 

It wiU be apparent in the diagrams that, within the range of constant- 



126 


AIRSCEEWS 


speed control, boost and power are botb affected to some extent by 
movement of either control, but that revolutions respond only to move- 
ment of the constant-speed control. 

Variations of load resulting from changes in the flying attitude of the 
aeroplane are, of course, compensated automatically by alteration of the 
pitch of the airscrew blades within all reasonable angles of climb or glide. 

(A) Ground Run 

When the governor is set to give governed r.p.m. for take-ofif of, say, 
2,400, whilst the airscrew is set to give 2,350 static r.p.m. (at chocks) 
as described in an earlier paragraph, the airscrew is in effect in positive 
fine pitch when the throttle is in take-off position, and a movement of the 
throttle wiU show on the tachometer, so that the switches may be tried 
with the constant-speed lever in the fully forward position, i.e. take-off 
position, and the tlmottle wide open, giving in this case 2,350 r.p.m. 

As the aeroplane gathers speed in the take-off, the r.p.m. will increase 
to 2,400, at which speed the governor will ensure that the r.p.m. are 
maintained. 

Before take-off, the operation of the constant-speed control should be 
checked. This may be done by moving the cockpit control from the 
take-off towards the coarse-pitch position and noting the change in 
r.p.m. Care should be taken that the constant-speed control lever is not 
moved into the fvMy coarse position during this operation, as this will 
labour the engine unduly. Half or less of the travel of the lever is 
sufficient to obtain a good indication on the tachometer that the airscrew 
is operating correctly. 

(B) Take-off and Cflmb 

The constant-speed cockpit control is moved forward to the take-off 
position. As the aeroplane increases from zero speed, at the start of the 
take-off, towards flying speed and as the throttle opening is increased, the 
engine r.p.m. wUl increase rmtil it reaches the r.p.m.for which the constant- 
speed unit has been set. From this point on, the r.p.m. will be held 
constant by the governing action of the unit. This means that fuU power 
is available during take-off and chmb without excessive engine speed. 
In the case of engines which give take-off r.p.m. at the chocks, this last 
remark will not apply, as the governor will be controlling at take-off 
revolutions from the commencement of the take-off run. 

Soon after take-off, it is generally desirable to reduce both the manifold 
pressure and the r.p.m. The manifold pressure for take-off in a non- 
supereharged engine is very near the maximum allowed by the engine 
manufacturer, and since it would increase if the r.p.m. were decreased, 
the logical sequence is to reduce the manifold pressure first (throttle) and 
then the r.p.m. (constant-speed lever). 

In supercharged engines, changes of manifold pressure following 
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variations of r^_.na. are largely compensated by the corresponding 
changes of speed m the blower, and as it is now common practice to fit 
automatic boost control to such engines, the adjustment as may be re- 
quired of the manifold pressure at take-off is less urgent and less involved. 

All movements of the throttle and constant-speed cockpit control should 
be made slowly. 

(C) Cruising 

Once the r.p.m. have been adjusted to the desired tachometer reading 
it will be held constant by the governor. Since changes in the aeroplane’s 
attitude and altitude, as well as changes in the engine’s manifold pressure, 
can bd made without affecting the r.p.m., it is recommended that if any 
changes in the cruising r.p.m. or manifold pressure are desired, the r.p.m. 
be first set and then the manifold pressure be changed. This is a reversal 
of the second paragraph in (B), but it will be appreciated that, in setting 
the constant-speed lever to the correct cruising r.p.m., a slight change in 
boost will occur, so that it is necessary to make the final adjustment on 
the throttle. 

(D) Power Descent 

One of the main advantages of the constant-speed control is that it 
permits power descent without overspeeding of the engine. The unit 
compensates for the increased airspeed of the descent by increasing the 
airscrew blade angles. 

The only limits imposed on constant r.p.m. are the mechanical limits 
to the airscrew pitch range. An increase in altitude or an increase iu the 
airspeed requires a coarser blade pitch if the r.p.m. are to remain constant. 
As the airspeed increases in the descent, the unit will move the blades to 
a coarser pitch to hold the r.p.m. at the desired value. If the coarse-pitch 
limit of the airscrew will permit the blades to assume a pitch sufficiently 
high to compensate for the increased airspeed, the r.p.m. will remain 
constant. If, however, the descent is too rapid or is being made from a 
high altitude, the coarse-pitch limit of the blades may not be sufficient 
to hold the r.p.m. constant, and the airscrew will be unable to accom- 
modate the increase in speed by a corresponding increase in blade angle. 
Should this occur, the r.p.m. will be responsive to any change in the 
airspeed or throttle setting in similar manner to the fixed-pitch airscrew. 

Since an increase in r.p.m., a decrease in manifold pressure or a 
decrease in airspeed requires a decrease in blade angle, it is possible, 
when the blades have touched their coarse-pitch stops, to bring them 
back under the governing action of the constant-speed control by 
increasing the r.p.m. setting, decreasing the manifold^ pressure, or 
decreasing the airspeed. 

^ Tor supercharged engines the nornaal procedure in a power descent will be to maintain 
cruising boost as nearly as possible whilst reducing the engine speed to a low governed rate 
of r.p.ni. 



128 


AIRSCREWS 


(E) Approach and Landing 

As the manifold pressure and airspeed are reduced in the approach, 
the airscrew blades ^ be moYed to a finer pitch. When the conditions 
of manifold pressure and airspeed are such as to require a blade pitch 
lower than the fine-pitch stops permit, the constant-speed control will 
become ineffective. 

Whilst it is usual to set the two-pitch airscrew control for take-off 
r.p.m. during approach, in order to have full power available in emer- 
gency, this tech^que is not recommended in constant-speed installations, 
since intermediate pitches are available and a high effective thrust can 
be obtained from the airscrew without overspeeding the engine. 

Most pilots wlQ prefer to feel the aeroplane respond immediately to 
short bursts of the throttle during approach, and by coming in under a 
little power with the constant-speed lever set at, or slightly above, 
cruising r.p.m., a much more effective control can be maintained. 

On landing, the constant-speed control should be set for take-off 
r.p.m. This causes the blades to move to the full fine pitch, and affords 
better control in taxying and also permits more satisfactory operation 
of the engme. 

(F) Stopping the Engine 

Before stopping the engine, the airscrew should be moved to the 
coarse-pitch position where the piston is within reach of the piston 
spanner and the piston leathers, etc., are more conveniently situated 
for routine inspection. 

It is also an advantage to expel as much oil as possible from the 
cylinder, as the viscosity increases very rapidly as the oil cools, xmtil 
in really cold weather it may congeal to such an extent as to retard 
seriously the flow of oil through the ports of the governor. 

Until warm oil has replaced the cold oil in the cylinder, therefore, 
the airscrew will not respond promptly to governor control. 

(G) Engine-out Performance 

If, for any reason, one engine should become inoperative, the airscrew 
on the idle engine should be placed in full coarse pitch, in which position 
it has less drag. This is important, because the engine-out performance 
of some of our modem aeroplanes is based on the assumption that the 
airscrew is in this position. In addition, the ceiling is considerably 
improved for engine-out performance and control of the aeroplane is 
also much improved. 
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Accident, inspection after, 48 
Adjusting balance, 38 
Adjustment, principles of, 80 
Adjustments and flight tests, 76 
Approach and landing with con- 
stant-speed control, 128 
Assembly after balancing, 42-46 
Assembly after overhaul, 25-45 
Automatic governor, 106 


Balance, adjusting, 38 
Balancing, 35-42, 105 
Balancing table, 41 
Barrel and barrel-support blocks 
Inspection of, 22 
Barrel, reassembly of, 27, 28 
Base setting of blades, 65 
Blade angle adjustment, 66 
Blade angle adjustment (hydro- 
matic airscrew), 93 
Blade angle, increased range of, 5 
Blade angles, checking, 33 
Blade thrust bearing, inspection 
of, 17 

Blades, feathering (hydromatic 
airscrew), 89 

Blades, unfeathering (hydromatic 
airscrew), 91 

Blades and blade bushing 
Inspection, 11 
Replacement, 25 
n. 9 


Cables and pulleys, assembling, 83 
Ceiling, improvement in, 6 
Change of pitch, points to remem- 
ber, 102 

Clearance chart, 59 
Clearances, schedule of, 48 
Climb, performance during, with 
constant- speed airscrew, 112 
Coarse pitch, 103 
Component parts, functions of, 62 
Constant-speed control 
Installation and adjustment of, 79 
Constant-speed installations 
Climb, performance during, 112 
Control of, 105, 107 
Cruising and high speed, 114 
Cruising performance, 113 
Demonstration and exhibition fly- 
ing, 115 
Economy, 116 
First flight tests, 125 
General flying instructions, 125 
Manipulation of controls, 120 
Maximum speed, 114 
Mixture and boost control, 116 
Multi-engined aeroplanes, 115 
Performances, 109-113 
Sudden “ burst ” of throttle, 115 
Control valve, operation of, 74 
Controllable-pitch airscrew 
Inspection and reconditioning, 11 
Overhaul instructions, 7 
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Controls, manipulation of, in con- 
stant-speed installations, 120 
Corrosion on spider, 15 
Counterweight adjusting mechan- 
ism, operation of, 65 
Counterweight bearing, inspec- 
tion of, 17 

Counterweight bracket 
Inspection, 11 
Reassembly, 25 

Counterweight caps, reassembly 
of, 34 

Criticism of controllable-pitch 
airscrew, 4 

Cruising, performance during) 
with constant-speed airscrew, 
113 

Cruising with constant-speed con- 
trol 

Flying instructions, 127 
Cylinder assembly, inspection of, 
21 

Cylinder bearing- shaft bushes, 21 
Cylinder head, snap ring, front 
cone, joint rings, etc., 24 

Demonstration flying 
Constant-speed airscrews for, 115 
Dismantling instructions, 7 
Dome assembly (hydromatic air- 
screw), 85 

Economy in use of constant-speed 
airscrews, 116 

Electrical control and equipment 
(hydromatic airscrew), 97 
Engine-out performance with con- 
stant-speed control, 128 
Exhibition flying, constant-speed 
airscrews for, 115 


Failure, safeguarding engine after, 
4 

Feathering and starting circuits, 
combining (hydromatic air- 
screw), 98 

Feathering blades (hydromatic 
airscrew), 89' 

Feathering switch (hydromatic 
airscrew), 98 
Fine pitch, 103 

Fits, clearances and repair toler- 
ances, schedule of, 48 
Flight, operation in, 102 
Flight tests 
Adjustments for, 76 
Constant-speed installations, 125 
Inspection before, 101 
Prototype installations, 121 
Flying instructions for constant- 
speed airscrews, 125 
Flyweights, operation of, 75 

Governor, automatic, 106 
Governor, characteristics of, 72 
Governor unit, operation of, 76 
Ground run with constant-speed 
control, 126 

Hamilton standard, 5 
Hubs, twisted or sprung, 48 
“Hunting ’’ tendencies, elimina- 
tion of, 72 

Hydromatic airscrew 
Description, 5, 84 '' 

Dome assembly, 85 
Electrical control, 97 
Feathering the blades, 89 
on supply, 91 

Range of movement and blade 
angle adjustment, 93 
Unfeathering the blades, 91 
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Index pins 
Inspection, 17 
Eeplacement, 25 

Inspection before first flight test, 
101 

Inspection and reconditioning of 
parts 

Barrel and barrel-support blocks, 
22 

Blade bushing, 11 
Blade thrust bearing, 17 
Blades, 11 ' 

Counterweight bearing and shaft, 
17-18 

Counterweight bracket, 11 
Cylinder assembly, 21 
Index pins, 17 

Packing plates and shim packs, 24 
Piston assembly and piston cup 
leathers, 21 
Spider, 14 
Installation 
Constant-speed unit, 70 
On engine airscrew shaft, 68 
Preliminary test after, 101 

Lost motion in constant-speed 
controls, 79 
Lubrication, 47 


Magna-flux detector, 48 
Maintenance, 47 

Maximum speed, with constant- 
speed control, 114 
Mixture and boost control, con- 
stant-speed airscrews, 116 
Mounting, 70 

Multi-engined aeroplanes, con- 
stant-speed airscrews for, 115 


Oil supply (hydromatic airscrew), 
91 

Operation and control, 60-67 
Operation in flight, 102 
Overhaul instructions, 7 

Packing plates and shim packs, 
inspection of, 24 

Performances, relative, of fixed 
and controllable-pitch air- 
screws, 3 

Performances with constant- 
speed control, 109, 112, 113 
Permissible worn clearances, 49 
Pilot’s control cables and pulleys, 
assembly, 83 

Piston assembly and piston cup 
leathers 
Inspection of, 21 

Pitch, change from high to low, 1 
Pitch, change of, points to remem- 
ber, 102 

Pitch, fine and coarse, 103 
Pitch-change troubles, 104 
Power descent with constant- 
speed control, 127 
Prototype installations, flight 
tests with, 121 

Range of movement and blade 
angle adjustment (hydro- 
matic airscrew), 93 
Reassembly after overhaul, 25 
Reconditioning 
Blades, 11 
Spiders, 14 

Renewing counterweight bearing 
shaft, 19 

Repairing blades, 48 
Repair-tolerances, schedule of, 56 
Restoring force, 73 
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Safe angles, 106 

Sea-level, performance at, with 
constant- speed airscrew, 112 
Sleeve, selecting size of, 82 
Spider, inspection of, 14 
Split-bearing cages, reassembly 
of, 27 

Stop-nuts, adjusting, 77 
Stopping the engine with con- 
stant-speed control, 128 


Take-off with constant-speed air- 
screw 

Advantages at, 112 


Flying instructions, 126 
Performance at, 112 
Testing after installation, 101 
Throttle adjustment, 83 
Throttle, sudden burst of, with 
constant-speed airscrew, 115 
Tightness on engine shaft, 
checking, 69 

Tolerances of similarity, 14 
Torque loading of blades, check- 
ing, 28 

Twisted or sprung hubs, 48 

Unfeathering the blades (hydro- 
matic airscrew), 91, 98 




